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EASTERN... pioneer | 


pressurizing 


auxiliary power subsystem 


Eastern has developed miniature, high-output units that give relia 
performance in missile auxiliary power systems. Coordination » 
developers at the planning stage permits Eastern continually to engins 
lower weight units that allow more fuel load for longer flight durati 
Eastern’s experience as pioneers of the thermal frontier provides iJ 
all-important knowledge to solve temperature problems at each sts 
of missile development. 
HYDRAULIC POWER UNITS 

Miniature high-speed gear pumps are powered by aircraft motors y| 
to 24,000 R.P.M., or direct-driven by the turbine with little or » 
reduction gearing needed. Missile design engineers get marine 
flexibility, reliability, and simplicity with separate hydraulic systen 
Eastern has produced power packs with capacity to 15 GPM, 
pressure to 2,500 P.S.I. Units are completely sealed and have pressy. 
ized sumps for operation at any altitude and attitude. 


ELECTRONIC TUBE COOLING UNITS 
Liquid cooling of heat-producing electronic equipment is an efficiex: 
reliable control of temperatures within safe operating limits, 
creating designs based on pioneering experience, Eastern provide 
compact, lightweight equipment for up-to-the-minute missile needs thy 
meet military requirements. 
Cooling units have 50 to 50,000 watts dissipation rates, and refriges 
tion-type cooling units are furnished from 100 to 6,000 watts. ti 
to the leader in the field for complete and creative engineering heh 
EASTERN PRESSURIZATION UNITS 
Vital electronic systems that depend on a supply of precisely controll: 
dry pressurized air are protected by these units. A continuing progr 
of research and development on compressors, dehydators, and a 
control systems insures that your Eastern pressurization unit feature 
the very latest advances in this field for compactness, high temperatu: 
resistance, and reliability. They are custom-made to your special nee 
and meet rigid military specifications. 


TESTED reliability in auxiliary power 


Pressurizing-dehydrating unit used 
in tracking and guidance system 
of ground-based missile controls. 


ae ge gear pump provides Cools: high-powered electronic 
hydraulic power to missile as tubes in guidance sections of 
integral part of APU system. missiles. 


Eastern power-pack gives hy- 
draulic power for missile. ele- 
vons and. wing-folding actuators. 


NEW 

AVIATION 
BULLETIN 350 
Brand new 
edition gives / 
data on latest 
developments == 
in hydraulic 
power, cooling 
pressurization. 
Send for copy today. 


Maintains sensitive reference com- 
ponent within exact temperaturé 
limits. Dissipates 350 watts by 
“boiling off’ water in supply tank. 


EASTERN INDUSTRIES, INC 


100 SKIFF STREET, HAMDEN 14, CONN. e West Coast Branch Office: 1608 Centinela Avenue, Inglewood 3, © 
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FROM GOODYEAR 


most advanced ice protection 


for 3 of the world’s newest airliners 


Iceguard-,-dependable ice protection for any air- 
craft surface or shape. Electrothermal sheathing 
by Goodyear conforms readily to thinner wings of 
jet aircraft, has specially compounded cover for 
high erosion resistance. Available in two types: 
electrically conductive rubber or rubber-embedded 
woven wire elements. 


New Boeing 707 jetliner 
has 9 Iceguards on huge 
empennage. 


Automatic System Control. Transistorized “black 
box” picks up signal from Ice Detector units— 
automatically actuates deicing equipment. At 
same instant, flashing light tells pilot he’s in icing 
conditions. It is first fully automatic ice shedding 
system ever devised. 


Combined Research of Goodyear and National Research Council of Canada produced Iceguard. Automatic Ice Detector system — 
developed by National Research Council and Canadian Applied Research Limited—is represented solely by Goodyear in the U. S. 


Automatic ice Detector senses ice build-up pre- 
cious seconds before pilot can see it. Lightweight 
sensing “probes” extend into air stream, flash 
warning to pilot as plane enters icing conditions. 
Detector has been proved in Arctic Circle opera- 
tion—is USAF qualified. 


New Lockheed Prop-Jet 
Electra carries custom- 
engineered Ice Detector 
system. 


New Convair 880 jetliner 
will use this fully auto- 
matic safeguard — com- 
pletely automatic Ice 

Detector and system 

controller. 


For help with your icing problem, write Goodyear, Aviation Products Division, Akron 16, Ohio, or Los Angeles 54, California. 
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PUBLICATION STAFF 


On our cover 


A group of thrust systems for use in various phases of probes 
into space are etched against an enlarged photo of the moon for 
a striking introduction to this month's leading technical article (see 
page 36). Energy sources illustrated are, top to bottom: Arc Jet, 
Thermonuclear, Solid Propellant (center left), Photon Sail (center 
right), Liquid or Chemical Propellant, and Plasma Accelerator. The 
contribution, presented exclusively in Aero/Space Engineering, is 
“Rocket Propulsion Requirements for Satellites and Moon Missions,” 
by John L. Sloop, Chief, Rocket Engines Branch, Lewis Research 
Center, NASA.—Cover by DiGeorge 
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Featured in this issue 


27 First International Congress of the Aeronautical Sciences 
Six hundred attended from 25 nations. Highlights of the first ICAS meeting in Madrid. 


35 The Scientific Approach (Editorial) 


Timely thoughts from a late Fellow of the Institute, who believed that 
the rate of scientific discovery cannot be forced. 


36 Rocket Propulsion Requirements for Satellites and Moon Missions 
There is a big step between tossing a small payload into a satellite orbit and manned space flight. 


45 Some Effects of High-Energy Fuels on Aircraft Performance 


Discussed are ways in which high-energy fuels might affect the weight, range, and performance 
of commercial and military aircraft. 


51 An Application of Solar Radiation to Space Navigation 


It appears that a system of space position cetermination with respect to the sun 
might be a useful solution to the space navigation problem. 


55 Equivalent Configurations in Flutter Analysis 


The author finds the equivalence pt has 
design and remedial studies. 


pti application in two fields— 


62 Air-Breathing Power Plants in the Space Era 


“The optimum potential of the air-breathing engine has not yet been realized.” 
Three important jobs are assigned to it. 


66 Durability Under Varying Stress 


Can it be predicted? Estimates that are trustworthy would be of prime importance; some 
ideas in this direction are presented. 


70 Effects of Gyroscopic Cross Coupling on Missile Automatic Flight Control Systems 


A general description of characteristics of gyros as a function of flight geometry, showing 
how outputs of gyros are influenced by flight attitudes. 


Departments 


17 1AS News Notes 117 Books 
21 IAS News 
26 Dateline World 
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118 IAS Preprints 


125 Personnel Opportunities 


81 International Abstracts 129 New Products and Literature 
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B. F. Goodrich Pneumatic De-Icers are 


flush mounted on Grumman Gulfstream 


Here are three basic reasons why Grumman engineers selected 
B.F.Goodrich Pneumatic De-Icers for their new turbo- prop 
executive transport — the Gulfstream. 

First—B.F.Goodrich Pneumatic De-Icers are the most depend- 
able and effective method of ice removal. Their positive action 
cracks off ice regardless of accretion rate. And with this pneu- 


matic de-icing system there is no problem of “refreezing run back”. 


Second—B.F.Goodrich Pneumatic De-Icers impose no heavy 
drain on engine power or fuel consumption. Power require- 
ments are negligible. Furthermore, the complete system is far 
lighter in weight than any other. 

Third—B.F.Goodrich Pneumatic De-Icers are aerodynamically 
efficient. Advanced Gulfstream design provides for recessed 
leading edges (right), permitting flush fit of De-Icers with no 
change in airfoil contour. 

There are many other reasons why you will want to specify 
B.F.Goodrich Pneumatic De-Icers for your own planes. They 
are all discussed in “The B.F.Goodrich Pneumatic De-Icer Story”. 
For your free copy, write: B.F.Goodrich Aviation Products, a 
division of The B.F.Goodrich Company, Akron, Ohio. 


B.EGoodrich 
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@ De-Icer, inflated @) Wing recess at trailing edge of De-lcer 
@ Wing skin @ Wing recess for De-Icer manifold © Flush 
type tube manifold © Wing recess at lower trailing edge 
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NASA ADMINISTRATOR T,. KEITH GLENNAN will be the principal speaker at 
the Institute's 27th Annual Meeting Honors Night Dinner - at the Astor Hotel, 
Tuesday, January 27. The meeting will be highlighted by such sessions as those 
on Space Exploration, Propulsion, Management, and Supersonic Jet Transports. 


WHAT ARE THE RESPONSIBILITIES OF IAS MEMBERSHIP? 
This question is taken up in next month's issue by IAS President 
Edward C. Wells in a guest editorial of interest to all members. 


LT. GEN. DONALD L, PUTT, USAF (Ret.), an LAS Fellow, has been elected 
President of a new firm - United Research Corporation - formed by United Air- 
craft Corporation "'to sponsor and support basic research in fields pertinent to 
its interests."' Scientific Directors under General Putt include two other LAS 


members, C. Richard Soderberg (F) and H. Guyford Stever (F), Dean and 
Assistant Dean, respectively, M.I.T. 


NEW CORPORATE MEMBER: AC Space Plug Division, General 
Motors Corporation, has joined the growing list of IAS Corporate 
Members. The company is located at Flint, Michigan. 


A/SE FOR DECEMBER will carry an Index to Volume 17, covering issues from 
January to December 1958. All technical articles, Institute news, editorials, 


and necrology for the year will be listed. Articles will be indexed by subject 
and author. 


THE IAS MOURNS the loss of the following members: B,. W. Ains- 
worth, Harold P."'Hal'' Henning, John J. Herfurth, John L. Genta, 
and John C. Fowler, Their necrologies will appear next month. 


* 


NATIONAL MEETINGS CALENDAR 


Nov. 6-7 National Specialists Meeting on Dynamics and Aeroelasticity, Texas 
‘ Hotel, Fort Worth. Sponsored by Texas Section. 

Dec. 17 Wright Brothers Lecture, Natural History Building Auditorium, 
Smithsonian Institution, Washington, D. C. French aeronautical 
research will be discussed by Maurice Roy. 

1959 

Jan. 26-29 Twenty-Seventh Annual Meeting, Astor Hotel, New York. Honors 
Night Dinner, Tuesday, January 27. 

Mar. 5-6 Flight Propulsion Meeting (Classified), Hotel Carter, Cleveland, 

June 15-18 National Summer Meeting, Los Angeles, California 

Oct. 5-16 Seventh Anglo-American Aeronautical Conference, New York,N, Y,. 

Oct, 29-31 National Midwestern Meeting, Wichita, Kansas. 
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Nov. 5 


News Notes (Con't.) 


FLIGHT TEST FELLOWSHIP WINNERS - where are they now? Read the answer 


stion, and interesting sidelights, in Aero/Space Engineering for De- 


(Fellowship application data are carried on page 25 in this issue.) 


SECTION MEETINGS CALENDAR 


Baltimore: Classified Dinner Meeting, Aircraft Armaments, Cock- 


Nov. 1l 


eysville. (Dinner at 6:30, lecture at 8.) "The Guided Missile Pro- 
gram" by Brig. Gen. A. W. Betts. 
Los Angeles: Specialist Meeting, IAS Building, 8 p.m. ''Supersonic 


Nov. l1l 
Nov. 


Nov. ll 


Nov. 12 


Nov. 18 


19 


Nov. 19 


Nov. 20 


Nov. 25 


Dec. 19 


Apr. 
May 25-27 


June 11-13 


5-10 


Transports" panel discussion by T. F. Cartaino, R. B. Johnston, and 
T. F. Kirkwood. 


Detroit: Plant tour, Continental Aviation and Engineering Corpora- 


tion, gas turbine production facilities, Toledo, Ohio. 
Wichita: Dinner Meeting, Innes Tea Room, 6:30 p.m. "Aeronautical 


Researchand Developmentinthe U.S. Army" by Col. G. P. Seness, Jr, 


Tulsa: Dinner Meeting, Alvan Plaza Hotel. (Social at 6:30, dinner 


at 7.)'"'A Simple Means for Solving Difficult Viscous Flow Problems" 


by August Raspet. 


Chicago: Joint Meeting with ARS on "Man in Outer Space (Human 


Factors in Space Flight),.'' Time and place to be announced. 


Washington: Dinner Meeting, Occidental Restaurant. (Social at 6:45, 


dinner at 8.) "Assessment and Measurement of Human Responses 
and Performance in Space" by A. W. Hetherington, Jr., and Capt, 
N. L. Barr, USN, (MC). . 

Atlanta: Dinner Meeting, Chamblee NAS Officers Club,7 p.m. ''The 


Air Traffic Control System - Problems and Proposed Solutions" by 


C. P. Rosacrans. 

Niagara Frontier: Technical Meeting, Cornell Aeronautical Labora- 
tory Auditorium, 8:30 p.m. "High Energy Fuels" by P. A. Stranges. 
Los Angeles: Dinner Meeting, IAS Building. (Social at 6, dinner at 
7.) 'Needed for a Successful Space Program - A Fresh Approach to 
R&D" by Commander George Hoover, USN. 

Los Angeles: Specialist Meeting, IAS Building, 8 p.m. "A Paysical 
Evaluation of Mass Transfer Cooling" by J. P. Hartnett. 

Texas: Dinner Meeting, Western Hills Inn, Wright Brothers Lecture 
on French aeronautical research by Maurice Roy. 


JOINT MEETINGS CALENDAR 


1959 Nuclear Congress, Municipal Auditorium, Cleveland, 
National Telemetering Conference, Cosmopolitan Hotel, Denver. 
Sponsored by IAS, ARS, ISA, .and AIEE, 

1959 Heat Transfer and Fluid Mechanics Institute, University of 
California, Los Angeles. Cosponsored by IAS. 
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News 


. . arecord of people and events of interest to Institute Members 


French Scientist to Deliver 
22nd Wright Brothers Lecture 


Maurice Roy to Report on French Aero Research 
in Washington, December 17 


| oe Roy, a leading contributor to French aero/space science, will deliver the 
IAS Wright Brothers Lecture, December 17, in the Natural History Building Audi- 
torium, Smithsonian Institution, Washington, D.C. 


Mr. Roy will discuss ‘Means and 
Examples of Aeronautical Research in 
France.” He has been Director Gen- 
eral, Office National d’Etudes et de 
Recherches Aéronautiques (ONERA), 
since 1949. 

The lecture will be repeated in Cleve- 
land on December 18, in Dallas on 
December 19, and in Los Angeles on 
December 22. 

This lecture, twenty-second in a 
series endowed by the Vernon Lynch 
Fund, will begin with a survey of the 
main branches of aeronautical research 
performed in France, particularly by 
ONERA, and will be followed by 
analyzed illustrations. These will cover 
research in studies of structural flutter 
and aerothermoelasticity, combustion, 
materials, high-lift devices, air intake at 
supersonic speeds, experiments with 
ram-jets at high altitude, the form and 
visualization of certain types of flow, 
and the dynamic stability of aircraft and 
missiles. Mr. Roy also will present 
several examples that cover the develop- 
ment of instruments for measurements 
and will describe research equipment 
and STOL and VTOL work. 

Mr. Roy will not discuss problems of 
space flight, although he has said it has 
created a demand for research compa- 
rable to that which arose at the time of 
the Wright brothers’ Kitty Hawk 
flight. 


Prolific Writer 


Mr. Roy is well qualified to join the 
select list of Wright Brothers lecturers. 
He has published some 150 articles on 
thermodynamics, mechanics, dynamics 
of fluids, thermal engines, aeronautical 
propulsion, and jets and rockets. 

He was first in his graduating class 
at the Ecole Polytechnique in 1919. He 


also was graduated from the National 
School of Mines in 1922 and in 1923 
earned a Doctor of Science degree from 
the University of Strasbourg. 

Mr. Roy has taught at several insti- 
tutions of higher education in France, 
many of them during the same span of 
years. He taught Thermodynamics 
and Machines at the Ecole Supérieure 
du Génie Rural (School of Rural Engi- 
neering) from 1927 to 1935; Aviation 
Mechanics at the Ecole Nationale 
Supérieure de |’Aéronautique (National 
School of Aeronautics) from 1930 to 
1940; Thermal Engines at the Ecole 
Nationale des Ponts et Chaussées 
(National School of Civil Engineering) 
from 1925 to 1949; has been Professor 
of Mechanics at the Ecole Polytech- 
nique since 1947; and Professor at the 
Centre d’Etudes Supérieures de Méca- 
nique (Center for Mechanical Studies) 
since 1946. 


Held Important Posts 


In addition to being ONERA Direc- 
tor, Mr. Roy has held or still holds the 
following positions: 

Administrator, Société Nationale 
d’Etude et de Construction de Moteurs 
d’Aviation (National Society for the 
Study and Construction of Aircraft 
Motors) SNECMA. 

Member, Conseil Scientifique du 
Commissariat a l’Energie Atomique 
(Scientific Council of the Atomic Energy 
Commission). 

President, Association Technique 
pour la Turbine a Gaz (Technical 
Association for Gas Turbines). 

Vice-President, Association Tech- 


nique Maritime et Aéronautique (Tech- 
nical Maritime and Aeronautical As- 
socation) ATMA. 


Maurice Roy 


Secretary General, Union Inter- 
nationale de Mécanique Théorique et 
Appliquée (International Union of Theo- 
retical and Applied Mechanics) IUTAM, 
1956. 

Past President, Société Mathématique 
de France (Mathematical Society of 
France) 1956. 

President, Société Frangaise des Méc- 
aniciens (French Mechanics Society). 

President, Executive Committee, In- 
ternational Council of the Aeronautical 
Sciences. 


Energetic Conferee 


His leadership of the ICAS Executive 
Committee won much respect from the 
delegates at the organization’s first 
International Congress in Madrid, Sep- 
tember 8-13. Mr. Roy was given the 
authority and responsibility for develop- 
ing the program. In addition to this 
complex task, he presented a paper, 
“Supersonic Propulsion by Turbojets. 


and Ram-jets,” at the first session, and’ 


he opened and closed the Congress. 

Mr. Roy is an IAS Fellow and a Fel- 
low of the Royal Aeronautical Society. 
He was elected a Correspondent, Acad- 
emy of Sciences for the Section on 
Mechanics in 1937 and a Member of the 
Academy in 1949. He was named a 
Commander of the Legion of Honor in 
1954 and received an Honorary Doc- 
torate degree from the University of 
Brussels in 1956. 
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BOEING 707 


Chatham power 


T HE Boeing 707 and Convair 880 represent 
the very latest developments in luxurious 
air travel. Standard equipment on both includes 
power conversion units made by Chatham— 
world’s number one maker of power supplies for 
missiles and military and commercial aircraft. 

Chatham airborne conversion equipment fea- 
tures minimum size and weight. Because Chatham 
makes its own solid-state components—silicon, 
germanium, selenium—our designers are not 
limited by available stock and can tailor compo- 
nents to fit power supply design, shaving excess 
inches and ounces. 


SILICON UNIT SELENIUM UNIT 
Model 28VS50 Model 28V50C 


Boeing 707 and Convair 880 rely on 


CHATHAN ... world’s leading supplier of airborne conversion equipment. 


conversion units 


Reliability is unsurpassed. Chatham power 
supplies show a uniformly high performance rec- 
ord in aircraft of all types and each unit reflects a 
long-standing reputation for trustworthy elec- 
tronic equipment. 

Chatham has many power supplies in stock, 
ready to go. . . or will design and produce a unit 
to your specifications. Either way, you can fill 
any power conversion need—AC to DC, DC to 
DC, DC to AC—with an efficient, high reliabil- 
ity unit made by Chatham. Contact: Chatham 
Electronics, Division of Tung-Sol Electric Inc., 
Livingston, New Jersey. 


CHATHAM ELECTRONICS 
division of 


@®TUNG-SOL ELECTRIC INC. 
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IAS Members Advised They Must Initiate 
Regrading Machinery 


Js your IAS membership grade a true 
reflection of your professional standing? 

If you are graded Associate (A) or 
Member (M), you may be eligible for ad- 
yancement. But you must take the first 
step: Obtain an ‘‘Application for Ad- 
yancement in Grade” from your Section 
Membership Committee or Secretary, or 
from Membership Department, IAS 
National Headquarters, 2 E. 64th St., 
New York 21, N.Y. When properly 
completed, the application will give the 
National Membership Committee an up- 
to-date record of your experience to help 
determine your new grade. 

General qualification for Member grade 


is 8 years’ professional work and recog- 
nized standing in the field. Four refer- 
ences are required, two of whom should be 
IAS members. 

Advancement from Member to Associate 
Fellow (AF) calls for 12 years’ professional 
practice with responsibility for important 
work in the field or outstanding original 
contributions. References required: four 
IAS members, two must be Fellows or 
Associate Fellows. (Fellows are elected 
by ballot of existing Fellows and Honorary 
Fellows.) 

Some 225 members advanced in grade 
during the first 7 months of 1958. Last 
year’s total was 311. 


Douglas Promotes 
Five IAS Members 


Five IAS members received new assign- 
ments in Douglas Aircraft’s recent realign- 
ment of Engineering Division functions. 

Edward F. Burton (F), former Chief 
Engineer, Santa Monica Division, was 
named Director, Transport Aircraft Sys- 
tems Engineering. 

Edward H. Heinemann (F), former 
Chief Engineer, El Segundo Division, is 
now Director, Combat Aircraft Systems 
Engineering. (Mr. Heineman is a mem- 
ber of this magazine’s Design, Structures, 
& Materials Editorial Advisory Com- 
mittee.) 

Elmer P. Wheaton (AF), formerly Chief 
Missiles Engineer, was appointed Direc- 
tor, Missiles and Space Systems Engi- 
neering. 

All three directors will report to Arthur 
E. Raymond (HF), Vice-President, Engi- 
neering. 

Former assistants to the new directors, 
who were moved up to Chief Engineer 
positions in their divisions, include Leo J. 
Devlin, Jr. (F), El Segundo; and R. L. 
Johnson (M), Missiles and Space Systems. 


San Diego Section 
Dedicates Library 


A new library of aero/space science and 
engineering literature was dedicated at the 
IAS San Diego Building on August 29. 
The Major Reuben H. Fleet Aeronautical 
Library was a gift from the man whose 
name it bears. 

The dedication, marked by a dinner in 
honor of Major Fleet, was attended by 
many of his personal friends. He was 
cofounder of Consolidated Aircraft, now 
Convair, a Division of General Dynamics 
Corp. 

Artist Justin C. Gruelle painted a bio- 
graphical portrait of Major Fleet which 
was unveiled at the dedication. Guests in- 
cluded C. T. Leigh, former Vice-President, 
Consolidated; Tom Bomar, former head, 
Aviation Department, San Diego Cham- 
ber of Commerce; I. M. Laddon, former 
Executive Vice-President, Consolidated, 
and now a director, General Dynamics 
Adm. Leslie Gehres (master of cere- 
monies) ; and members of the Section. 


Giannini Plasmadyne 
Is New Corporate Member 


Giannini Plasmadyne Corp., a firm that 
applies plasma technology to aero/space 
research and development, has become a 
Corporate Member of the Institute of the 
Aeronautical Sciences. 


The company has active R&D projects 
in areas of electric propulsion systems, 
hyperthermal wind tunnels, hypersonic 
aerodynamic phenomena, nose cone and 
leading-edge testing and materials, and 
materials for aircraft nuclear power plants. 
Research in long-range detection of hyper- 
sonic vehicles also is in progress. 


The firm sells commercially complete 
plasma-generating systems which it calls 
Plasmatrons. They make available a 
continuous, controlled source of plasmas 
at temperatures up to 25,000°F. Air, 
nitrogen, and argon are some of the work- 
ing fluids used. Contamination is said to 
be less than 100 parts per million. 


Plasmatrons are also used as propulsion 
units, with helium as the working fluid and 


At the dedication of the Major Reuben H. 
Fleet Aeronautical Library are (left to right) 
Nash Williams, Library Committee Chairman; 
Major Fleet, who presented the library to the 
IAS San Diego Section; and Peter Beck, His- 
torical Committee Chairman. 


no expanding nozzle. The units are said 
to yield specific impulses up to 600 sec. 

High melting-point spray materials 
can be introduced in powdered form into 
the Plasmatron working fluid where they 
are vaporized. The jet of plasma carries 
the vapor to the object to be sprayed where 
it condenses, firmly bonded to the sub- 
strate. The company says this process 
has been used to spray such substances 
as tungsten (melting point, 6,092°F.) and 
titanium carbide (5,660°F.) on metal and 
nonmetal substrates. 

Company headquarters are at 3839 S. 
Main St., Santa Ana, Calif. 


Necrology 


George B. Pegram 


George B. Pegram (AF), President 
Emeritus, Columbia University, and an 
important figure in the development of the 
atom bomb, died on August 12. He was 81 
years old. 


Dr. Pegram, a Founder of the IAS, be- 
gan to assemble at Columbia in 1939 the 
scientists who made possible the atom 
bomb. He brought his fellow nuclear 
physicists Enrico Fermi and John R. Dun- 
ning to the United States, and to Colum- 
bia, to help carry out on January 25, 1939, 
the first successful demonstration in 
America of uranium fission. 


After Pearl Harbor this program was 
moved to the University of Chicago by the 
Government. The other scientists went 
with it, but Dr. Pegram became Vice- 
Chairman, Central Advisory Committee, 
Manhattan Engineering District. He was 
named to the first Board of Directors of 
the Oak Ridge Institute of Nuclear Studies 
and helped to found the Brookhaven Na- 
tional Laboratory. 


Dr. Pegram was born in Trinity, N.C. 
He graduated from Trinity College, now 
Duke, in 1895, and joined Columbia’s 
faculty as an assistant in physics in 1900. 
His Ph.D. thesis, written at Columbia in 
1903, was one of the first American studies 
in radioactivity. 

In 1907 and 1908, he studied at Carm- 
bridge University, England, and at the 
University of Berlin, under Max Planck, 
whom he persuaded to visit the United 
States and lecture at Columbia. 


Among Dr. Pegram’s scientific contribu- 
tions were measurements of the size of the 
neutron and, with Dr. Dunning, the de- 
velopment of a device for measuring com- 
ponent parts of the atom and demonstrat- 
ing the possibility of transmuting one ele- 
ment into another. 


Seven universities awarded him honor- 
ary doctorates, and he was past president 
of the New York Academy of Sciences and 
the American Physical Society, past chair- 
man of the Anglo-American-Hellenic Bu- 
reau of Education, and former treasurer of 
the American Physical Society. 
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Precision Steei Balls 


Condenser Microphone 
Type 4111 


Protective Grid ~~ 


Diaphragm 


quick, reliable field calibration 
of sound measurement systems! 


‘THE B&K WIDE BAND SOUND SOURCE 


Precision Steel Balls 


Drawing showing the principle 
of operation of Model 4240. 


Especially designed to be used with 
standard measurement microphones. 


Typical frequency 
spectrum of the 
sound radiated 
from Model 4240 
(plotted on spec- 
trum level basis). 


The Noise Source Model 4240 is a small, self-contained 
acoustic calibrator for quick and reliable calibration of 
sound measurement systems. It mechanically generates a 
wide band sound at an SPL of approximately 108 db for 
about 14 seconds by means of 14,000 1 mm precision 
steel balls striking a metal diaphragm. Such a high SPL 
makes the effect of average background noise on 
calibration negligible. 


The wide band spectrum of the noise source enables a 
rapid check of the calibration and indicates any signifi- 
cant shift in the frequency response of a sound measure- 
ment system. It may also be used to establish a perma- 
nent reference SPL when sound measurements are taken 
and recorded on magnetic tape or graphic level 
recorder in the field or laboratory. 

The SPL of each Model 4240 is individually calibrated in 
terms of its RMS value and is accurate to +1 db. The 
calibration of the unit varies less than 0.5 db over the 
temperature range of 32 to 160° F. 
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year period. 


when making application. 


first year. 


Forms Available, Competition Open Now 
for Flight-Test Engineering Fellowship 


Interested in receiving an IAS Flight-Test Engineering Fellowship? 


A Bachelor’s degree in engineering and United States citizenship are 
the main qualifications for the 1959 competition—worth $7,300 over a 2- 


Write for applications now—closing date is March 1, 1959—to Flight 
Test, Institute of the Aeronautical Sciences, 2 E. 64th St., New York 21, 
N.Y. (This initial request should be endorsed by a sponsor.) Candidates 
may be enrolled in an educational institution or employed in industry 


A First-Year Fellow receives a stipend of $1,500, $750 for tuition, and 
$850 for university departmental expenses. 
ceives $2,000 stipend, $750 tuition, and $1,450 for departmental expenses. 
Second-Year renewal depends upon satisfactory performance during the 


A Second-Year Fellow re- 


1AS News 


News of Members 


Sam Emer (A) has been promoted to 
Design Engineer ‘“A’’ and _ transferred 
from Lockheed Aircraft’s Georgia Di- 
vision to the Missile Systems Division. 

Frank H. Erdman (A), formerly Assist- 
ant Manager, Washington Office, The 
Ralph M. Parsons Co., has been named 
President, Kett Technical Center, Inc., 
Research and Development center of 
U.S. Industries, Inc. 


Fredric Flader (F), a Founder of the 
IAS, has joined the University of Miami 
faculty as Associate Professor, Industrial 
Engineering. He formerly was General 
Manager, Fredric Flader Division, Eaton 
Manufacturing Co. 


James C. Floyd (M) has been invited 
by The Royal Aeronautical Society to give 
its 1958 British Commonwealth Lecture. 
Mr. Floyd, an RAeS Fellow, is Vice- 
President—Engineering, Avro Aircraft 
Limited, Malton, Ontario, Canada. 

Theodore A. Fore (A) has been pro- 
moted to the post of Manager, Re- 
quirements -and Specifications Depart- 
ment, Lockhead Missile Systems Di- 
vision, Van Nuys, Calif. He formerly 
was Manufacturing Engineer in the 
department. 


Harold E. Francis (M) has been named 
Chief Project Engineer, Chandler-Evans 
Co. Mr. Francis had been Assistant 
Chief Engineer, Wright Aeronautical 
Division, Curtiss-Wright Corp. 

Comdr. W. H. Livingston, USN, (M), 
formerly a student at the U.S. Naval 
War College, Newport, R.I., has been 
appointed Director, U.S. Naval Test 
Pilot School, NATC, Patuxent River, Md. 

Lt. Col. Ralph D. McKee USAF, (M), 
has been appointed Chief, SM-62 Di- 
Vision, Directorate of Cruise Missile 
Test, AFMTC, Patrick AFB, Fla. He 
had been a student at the Air Command 
and Staff College, Maxwell AFB, Ala. 


F. E. Newbold, Jr. (M), Vice-President 
and General Manager, Fairchild Stratos 
Division, has taken over responsibility 
for Corporate Planning and the firm’s 
Engine and Guided Missiles Division’s 
operations, 


William J. Pattison (M), formerly 
Director of Military Relations, The 
Garrett Corp., has been elected Vice- 
President in charge of sales for the firm’s 
AiResearch Manufacturing Division, Los 
Angeles, Calif. 


R. James Pfeiffer (A), formerly Ex- 
ecutive Director, Corporate Customer 
Relations, has been promoted to Vice- 
President—Marketing, Commercial Trans- 
port Division, Fairchild Engine and Air- 
plane Corp. 


Abner Rasumoff (M), formerly Head, 
Loads Section, Hughes Tool Co., Aircraft 
Division, has joined The Ramo-Wool- 
dridge Corp., Space Technology Labora- 
tories. 


Henry Rempt (M), Lockheed Elec- 
tronics & Armament System Division 
Engineer, has been elected President, 
Institute of Navigation at the University 
of California, Berkeley, Calif. 


Walter F. Ring (A), formerly Project 
Engineer, Industrial Acoustics Co., Inc., 
is now President of a new firm, Silence 
Inc., specializing in aircraft, industrial, 
and medical noise control. 


Col. Harry G. Spillinger (AF), who 
retired from the Air Force on July 31, 
has been named Manager of the newly 
created Systems Reliability and Safety 
Control group in the Boeing Airplane Co. 
Systems Management Office. Colonel 
Spillinger, an IAS Founder, was in the 
Air Materiel Command at Wright- 
Patterson AFB. 


Frank Mansur (M), a member of this magazine’s 
Electronics Editorial Advisory Committee, has 
joined Lockheed Aircraft Corp. as Military Sales 


Representative for 
was Manager, 


Electronics. He formerly 
Marketing, Eitel-McCullough, 


William W. Thomas (A) has joined 
Lockheed Aircraft Corporation’s Georgia 
Division as Chief Draftsman. He held 
the same title with Vertol Aircraft before 
joining Lockheed. 


Stephen P. Timoshenko (F), Professor 
Emeritus, Stanford University, Stanford, 
Calif., has been awarded the Elliott 
Cresson Medal at the Franklin Institute’s 
Medal Day ceremonies. The medal is 
given for discovery or original research. 


John F. Victory (M), NACA Executive 
Secretary and its first employee, has been 
awarded the NACA Distinguished Service 
Medal by Chairman James H. Doolittle. 


(Continued on page 74) 


Major Gen. Harry G. Armstrong, USAF (MC), 
an IAS Fellow and 1941 John Jeffries Award 
winner, retired from the Air Force in September 
after nearly 30 years of service. A pioneer in 


aviation and space medicine and former Sur- 
geon General, he was stationed at USAFE 
Headquarters in Wiesbaden, Germany, before 
he retired. 
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Test Pilot Discusses 
Soviet Mi-1 Helicopter 


@ In the Soviet magazine Wings of the 
Jation, R. Kaprelyan, Test Pilot, First 
Class, gives some interesting pointers on 
how to handle the general-purpose Mi-1 
helicopter. Kaprelyan piloted both the 
Mi-4 and the big Mi-6 helicopters to 
world lift records, hence can be con- 
sidered an authority on his subject. 
Kaprelyan says that the rotor blades 
of the Mi-1 have an even degree of twist 
which attains a maximum of 4 deg. at the 
tips. ‘‘Burble” (retreating-blade stall) 
at high speeds causes strong vibration and 
deteriorates controllability to the danger 
point. In order to avoid the burble, 
Kaprelyan advises, the pilot should 
keep the engine speed above 1,700 
r.p.m. and limit the forward flight speed 
as shown in Table 1. 

The best altitude for a lengthy “‘itiner- 
ary” flight (cruising-speed trip), the 
article states, is from 800 to 1,000 
meters (approximately 3,000 ft.), and 
the most convenient speed is 135 to 140 
kmh (approximately 75 knots). With 
these conditions, the ‘‘throttle correc- 
tor” should be completely shut off, the 
main rotor pitch will be about 10.5 deg., 
and the engine speed will be about 1,800 
to 1,850 r.p.m. A range of flight of 385 
km. (210 nautical miles) and a flight 
duration of 2.75 hours will thus be ob- 
tained. By reducing the forward flight 
speed to 90 kmh (50 knots), the dura- 
tion can be increased to 3.4 hours (the 
range will decrease to about 170 nautical 
miles). 

Air navigation safety, Kaprelyan 
comments, is realized in a helicopter, as 
in other aircraft, by means of conven- 
tional compasses, gyro horizon, RPK-10 
radio compass, and command radio sets. 


| 

| 
| 

PROFESSIONAL NOTES AND REPORTS 


Engineering and Scientific Briefs from Correspondents Around the Globe | 


He states that the scope of normal cen- 
tering (center of gravity travel) for the 
Mi-1 helicopter is from 52 mm. (2.05 
in.) aft of the main rotor shaft to 160 
mm. (6.30 in.) forward. 

Minimum permissible gliding speeds 
(under power) are given in Table 2. 

The Soviets have produced several 
versions of the Mi-1 for such varied 
uses as crop-dusting; mail, freight, and 
passenger transport; and for casualty 
evacuation, when a removable pannier 
for a stretcher is mounted on each side 
of the cabin. 


Soviet Article Describes 
Helicopter Weighing 28'/, Ibs. 


@ The magazine Soviet Aviation has 
described and illustrated a helicopter, 
which is said to weigh only 28/5 lbs. 
According to the article, the unique air- 
craft is currently under test. 

A simple fixed-pitch, rigid rotor of the 
contrarotating coaxial type and of ex- 
tremely small diameter is rotated by 
jets at the blade tips. The hub struc- 
ture between the rotors encloses a tur- 
bine and a combustion chamber in which 
a kerosene-air mixture is burned. The 
turbine has no fixed blades, alternate 
rows of blades being attached to the 
upper rotor and the lower rotor, respec- 
tively. The products of combustion are 
mixed with the excess cool air from the 
turbine and piped through the rotor 
blades to tip jets. The power plant is 
rated at 5hp. Fuel is injected into the 
combustion chamber by a rotor-driven 
pump. Directional control appears to 
consist only of fore-aft tilt of the entire 
rotor, with height control accomplished 
through rotor r.p.m. change. 

Operation of the machine consists of 
“walking” it until an obstacle is reached, 


: TABLE 1 
Altitude Speed 
Ground level. 170 kmh (93 knots) 
1,000 m. (3,280 ft.) 165 kmh (90 knots) 
2,000 m. (6,560 ft.) 160 kmh (87 knots) 
3,000 m. (9,840 ft.) 150 kmh (82 knots) 
TABLE 2 


Altitude 
Up to 1,000 m. (3,280 ft.) 
2,000 'm. (6,560 ft.) 
3,000 m. (9,840 ft.) 


Speed 


40 kmh (22 knots) 
70 kmh (38 knots) 
80 kmh (44 knots) 
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whereupon the operator switches on full 
engine power, steps on the footboard, 
pushes away from the ground, and flies 
over the obstacle. The pilot is held to 
the machine by a waist belt and is pro- 
vided with a small seat. 

Stability of the machine is very good, 
it is said, and is supplemented by a de- 
vice between the rotors, which is not 
described. 


Japanese Improve Ceramics 
by Adding Beryllium Oxide 


@ In Japan, the Ceramics Branch of the 
Electro Material Laboratory, Govern- 
ment Industrial Research Institute 
(Nagoya, Japan) under the agency of 
Industrial Science and Technology, has 
succeeded in making high-thermo-shock 
resistant ceramics by the addition of 
beryllium oxide. The application of 
this material would be in microwave 
electron tubes. 

This process resulted from a study in- 
tended to improve the thermal shock 
resistance of insulators of the diopside 
(CaMgSi,O,) type which are made by 
using magnesium oxide from sea water. 
The addition of 5 to 15 per cent beryl- 
lium not only improved resistance to 
thermal shock but also improved the di- 
electric properties. 

While this improvement is not of 
sufficient individual significance to rank 
as a major accomplishment, it is a 
definite and promising step in the course 
of making electronic components opera- 
tional under increasingly severe operat- 
ing environments. 


Special Clothing Developed 
for Use in Atomic Laboratories 


@ An item noted in a Polish publication 
announces that, after several years of 
research, Soviet scientists have de- 
veloped special clothing which provides 
complete protection for workers in 
atomic laboratories against radioactive 
wastes and radiation. Made from 
seamless plastic and airtight, the new 
clothing has been given general recog- 
nition by experts from many countries, 
the item states. 

A transparent plastic helmet is part of 
the outfit. Air is pumped to the wearer 
by special equipment in much the same 
manner as it is supplied in diving 
suits. 
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A IC AS 


On the streets outside Madrid’s Instituto Nacional de 
Prevision and Palacio de Comunicaciones, flags and signs 
indicated location of ICAS meetings....The First Congress 
symbol (right), showing Don Quixote on his horse flying 
over the ancient Spanish castle Penafiel, was designed for 
the occasion by the local Arrangements Committee under 
the Chairmanship of Col. Antonio Pérez-Marin. 


Madrid, Spain 
September 8-13, 
1958 


SOME 600 DELEGATES from 25 countries 
of the world assembled in Madrid to in- 
augurate a series of international confer- 
ences in the aeronautical and space sciences. 
Organized under the aegis of the Inter- 
national Council of the Aeronautical Sciences 
(ICAS) under the leadership of Honorary 
President Dr. Theodore von Karman, the 
successful First Congress has laid the 
groundwork for similar meetings at 2-year 
intervals in the future. The full record of 
the papers presented and of the subsequent 
discussions will be made available in a two- 
volume edition of the Congress Proceedings 
to be published early in 1959 by Pergamon 
Press, Ltd., of London. All enquiries con- 
cerning the Proceedings should be addressed 
to the Publisher at Pergamon House, 4 
Fitzroy Square, London, W.1, England. 
Some Congress highlights appear in the 
pages that follow. 
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A part of the audience 
in the beautiful 
Instituto Auditorium 
at the Opening Session. 


THE GENERAL ASSEMBLIES 


The Congress opened (September 8) and closed (September 13) with General 
Assemblies at the Instituto, with Maurice Roy, Chairman, ICAS Executive 
Committee, in the chair. Official addresses of welcome were made by The 
Honorary President and Col. Luis de Azcdrraga, President of the Asociacién 
Espanola de Ingenieros Aeronduticos. Spain’s Minister of Air and the Lord 
Mayor of Madrid also participated in the opening session. Announcement of 
plans for the future and resolutions of thanks and appreciation to the hosts were 
included in the closing session. Two lectures—The Daniel and Florence Guggen- 
heim Memorial Lecture and The Juan de la Cierva Memorial Lecture—followed 
the General Assembly on the first day. 
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| HE FIRST Guggenheim Memorial 
Lecture was presented by Dr. von 
Karman. His subject was ‘‘Some 
Significant Developments in Aero- 
dynamics Since 1946.” This scholarly 
presentation by the dean of world 
aerodynamicists set the tone of the 
entire Congress at the highest scientific 
level. His paper will appear in full in 
the Conference Proceedings. 

The first Juan de la Cierva Lecture, 
presented by Pedro Blanco, was titled 
“Juan de la Cierva and His Con- 
tribution to the Development of 
Rotary Wing Aircraft.’ This lecture, 
to which delegates of the Congress 
were especially invited, was sponsored 
by the Asociacién Espanola de In- 
genieros Aeronauticos. 

The Congress was honored by the 


presence of The Honorable Harry F. 
Guggenheim whose foresight and sup- 
port made possible the ICAS organiza- 
tion. Before introducing Dr. von 
Karman he said: 

“When man’s early longing for 
flight was achieved in our generation, 
we hoped that breaking down the 
barriers of sea and mountain, and the 
concomitant close contact of people 
throughout the earth, would also 
break down the agelong taboos of 
tribe, race, and religion and lead to 


another more recent dream of the 


brotherhood of man. 


“‘We must not be discouraged be- 


cause we have not yet reached our 
goal. After all, flight has only been 
mastered in recent years. But we 
must make renewed efforts and greater 


Dr. 1 
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The Honorary President, 
Dr. Theodore von Karman, 
during the reading 

of the first Daniel 

and Florence Guggenheim 
Memorial Lecture. 


The Honorable Harry F. Guggenheim 
introduces Dr. von Karman 

at the Opening Session 

of the First International Congress. 


speed toward our goal, because the 
flight sciences have opened up to man 
new and overawing powers of human 
destruction... .Today man is for the 
first time faced with the stark realiza- 
tion that if he lets loose the new forces 
of destruction he destroys himself. 


‘Let us do everything in our power 
to stimulate this awareness. This 
Conference is one excellent means of 
accomplishing this purpose. The 
flight and allied sciences must move 
ahead still farther into the mysteries 
of life and the universe, even if their 
solutions increase man’s power of de- 
struction. Man’s desire to use this 
power will decrease in inverse ratio to 
man’s awareness of his danger of self 
destruction.” 
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A tete-a-tete conference 
with ICAS 

Honorary President 
and Maurice Roy, 
Chairman of ICAS 
Executive Committee. 
Col. Luis de Azcarraga, 
President of Asociacion 
Espanola de Ingenieros 
Aeronauticos, 


in the background (left). 


AMONG THOSE PRESENT 


Dr 
Many high-ranking officers and distinguished civilians attended the First 


Congress. It is impossible to list them all in these pages. The sampling 
herein presented is, however, an indication of the caliber of those who Ser 
attended. A breakdown of the attendees by country shows: Argentina, 
| 1; Australia, 2; Belgium, 9; Brazil, 1; Canada, 11; China, 3; France, 

29; Germany, 34; Hungary, 2; Israel, 3; Italy, 28; Japan, 5; 
The Netherlands, 9; Poland, 7; Portugal, 1; Rumania, 2; South Africa, 
1; Spain, 178; Sweden, 16; Switzerland, 4; Turkey, 1; United Kingdom, 
73; United States, 157; U.S.S.R., 9; and Yugoslavia, 3. 


IA 


At the Opening Session— M 
The Honorable Harry F. Guggenheim; 
The Honorable Garrison Norton, 
U.S. Assistant Secretary 

of the Navy for Air; 

and RADM Luis de Florez, USNR. 

In the next row, 

Brig. Gen. R. L. Wassell, USAF, 
and Brig. Gen. H. F. Gregory, USAF. 
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In informal discussion, 

Dr. Nicholas J. Hoff of Stan- 
ford; Lt. Gen. L. C. Craigie, 
USAF (Ret.), of American 
Machine and Foundry; 

and Elmer A. Sperry, Jr., 

of Sperry Products. 


Dr. Hugh L. Dryden, NASA; 
E. T. Jones, 

Ministry of Supply, U.K.; 
and Richard Greinacher, 
Service Technique Militaire; 
at the von Karman lecture. 


Left to right, 

Sir Arnold Hall, President, 
Royal Aeronautical Society, 
and Edward C. Wells, 
President, IAS, 

listen attentively while 

IAS Director and Major Gen. 
John Sessums, USAF, 

test directional effects of 
radio receiver antennas. 
Major Geri. Marvin Demler, 
USAF, on right. 


ICAS 


TECHNICAL SESSIONS 


B ETWEEN Tuesday morning (September 9) and Saturday morning (September 
13), 45 papers were presented in 14 technical sessions. Printed programs included 
abstracts of the papers in four languages—English, French, German, and Spanish. 
Papers were generally presented in the language of the author and were simul- 4 
taneously made available in the other languages by a battery of translators using 
the IBM multilingual sound system (the photograph below shows the delegates 
picking up the multichannel transistorized receivers and headsets outside the 
Conference halls). Discussions were permitted from the floor in any of the four 
Congress languages, but discussers were requested to submit their remarks in 
writing at the conclusion of the Congress so that they can be included in the Pro- 
ceedings when published. On three of the six days, simultaneous sessions were held 
in the auditoriums of the Instituto and Palacio. Similar translation services, pro- 
jection equipment, etc., were made available in each location. A typical presenta- 
tion is shown above—the session on Navigation and Guidance at the Instituto, 
with the head of the U.S.S.R. delegation, Dr. A. A. Dorodnitsyn, in the chair and 
with A. M. A. Majendie, of London, presenting his paper on “Safety in Automatic 
Flight Control.” 
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SOCIAL EVENTS 


Our hosts spared no effort to make life in Madrid agreeable. The official Air : 
Ministry reception, the Mayor’s Reception and Concert, and the magnificent a 
exhibition of Flamenco and folk dancing at Parque Florida sponsored by the 
Asociacién Espanola de Ingenieros Aeronauticos will be long remembered. In 3s 
addition to such scheduled events, no delegate lacked for advice and assistance in “ 
making his own plans for shopping, entertainment, or travel. The traditional 
Spanish hospitality was in evidence everywhere, and even language differences 
proved little bar to mutual understanding. 


The official group at the Air = 
Ministry includes General José oe 
Rodrigues y Diaz de Lecea, 
Minister of Air, Dr. von Karman, 
Mme. Talbot, June Merker 
(AGARD), and Dr. Frank 
Wattendorf. 


Dr. and Mrs. W. B. Klemperer 
(Douglas), Professor H. J. van 
der Maas and H. Wittenberg 
(Netherlands). 


Dr. E. R. Sharp (NASA), Dr. 
Stark Draper (MIT), and Dr. 
Manfred Rauscher (Federal Poly - 
technic Institute, Switzerland). 


East meets West at the Mayor’s Recep- 
tion—Dr. and Mrs. Hoff accompanied 
by Ying-Nien Yu _ (Sandberg-Serrell 
Corp.) on the left and Professor Chih- 
Bing Ling (Tai-Wan University, For- 
mosa) on the right. 
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CONGRESS BUSINESS 


Future Plans 


During the week, the Provisional Council met on 
several occasions and took two important steps bearing 
on the future of ICAS. First, it was agreed that the 
term “provisional”? should be dropped and that the 
present Council should be expanded by the addition 
of three new members—Belgium, Brazil, and Japan. 
Second, after discussion, it was decided that the next 
Congress should be held the week of September 12, 
1960, at Zurich, Switzerland—with Stockholm, Sweden, 
as the probable locale for the Congress of 1962. 
(Above, Richard Greinacher, Council Member, extends 
Switzerland’s invitation for 1960 to Council President 
von Karman.) 


Staff Work 


Colonel Rafael Calvo, Director General, Instituto 
Nacional de Técnica Aeronautica, gave full and invalu- 
able support to the Congress. Too much credit could 
not be given to Col. Antonio Pérez-Marin and his staff 


of assistants for the organization and smooth function- 
ing of the physical arrangements at the meetings and at 


the several social events. Much of the preliminary 
spade work on programs, papers, and discussions was 
done by the Secretariat under the direction of Robert 
R. Dexter, [AS Secretary. To June Merker of AGARD 
(who also represents the ICAS Secretariat in Europe) 
goes credit for assembling and organizing the corps of 
translators for the Congress. Joseph J. Maitan, TAS 
Controller, and Marjorie Rodé, Executive Assistant to 
the IAS Director, were on hand in Madrid (with Mr. 
Dexter) a week before the meeting opened to look after 
the complicated business arrangements connected 
with the delegates. Dr. A. M. Ballantyne, Secretary 
of The Royal Aeronautical Society, brought with him 
to Madrid several members of his staff who rendered 
invaluable assistance during the entire meeting. The 
success of the First Congress rested largely on the 
shoulders of the capable and devoted group pictured 
below. (Colonel Pérez-Marin stands in center between 


Marjorie Rodé and June Merker.) 
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EDITORIAL 


After Dr. Davidson’s untimely death in Paris 

early this year, the following fragment 

was found among his papers. 

He felt very keenly about the subject. 

He evidently intended to expand on the theme at a later date. 
Because his ideas are entirely clear, 

we present his notes as they were found, 

without editorial embellishment. 


The Scientific Approach 


= NATURAL SCIENCES, in their es- 
sence, are expressions of the human spirit, like music 
or literature. Man has always been curious about 
nature and the universe around him. He has always 
been led on, irresistibly, to explore things he does not 
understand. Often, in the process, he has discovered 
something quite different than he expected, and a new 
line of thought has been opened. So it has always 
been, and so it must inevitably go on. There is no 
other way known. The best scientists all agree on 
that. They agree, too, that if science is to flourish 
the prime need is a healthy sense of free enquiry. It 
is not that scientists consciously balk at restraints 
more than anyone else. It is simply that they stop 
functioning under restraints. The only choice one 
has is to give them their heads and get what they 
can give, or hold them on a rein and not get anything. 

There is nothing new in this. It was understood in 
a groping way when Charles II of England founded the 
Royal Society in the 1600’s. It was well understood 
in the German universities before the First World War. 
It is thoroughly understood by a great many people 
today in all parts of the world. Furthermore, there is 
a great deal more science of high caliber being done to- 
day than ever before in history. Why, then, should 
there be so much talk about it at this precise time? 

One straightforward reason is clear enough. The 
influence of scientific discoveries on military affairs 
has been growing at a prodigious rate since the early 
days of the Second World War. At the same time, 
military affairs have continued to have an urgency 
about them and have been drawing very heavily on 
the accumulated background of scientific knowledge. 


Blackstone Studios 


Kenneth S. M. Davidson, 1898-1958 


Most scientists foresaw at the end of the war that 
something ought to be done to ensure a continuing 
supply of new knowledge. A little was done. Now 
there is concern that it was not enough. 

But this does not go to the heart of the matter. 
There has even been talk of ‘‘crash programs’ to make 
up for lost time. There is no such thing as a crash 
program in science. Science is a habit of mind, a 
sensitive awareness of the physical world which, with 
enough hard work now and then, leads to new concepts 
or new combinations cf old concepts. When crash | 
programs have produced startling practical results, 
they have been programs to exploit what was known or 
nearly known, not to discover the unknown. The 
groundwork of science was already well laid before they 
were started.- This is true of radar, synthetic rubber, 
atom bombs, penicillin, in fact of the whole list. The 
rate of scientific discovery can surely be accelerated by 
bringing to bear a greater number of trained minds. 
It is certain that they exist potentially, but it takes 
time to trainthem. Some say a generation, beginning 
now. It might be done in that time, certainly not in 
less. It will not be done at all without deep under- 
standing of the nature of the problem and a measure of 
patience. It can be nurtured, like all things of the 
spirit. It cannot be forced. 

This may be a hard lesson. But the stakes are 
high. 

Scientists are as much alive as any other group to 
the needs of the world. They know the urgency of 
expanding the scientific community of the free world. 
They have been preaching it. Now they want to 
make sure it is realized. 
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MOON LANDING 


DEPARTURE FROM EARTH SATELLITE PLATFORM 


LEAVE SATELLITE 
ORBIT AV = 2200 
FT/SEC 


ENTER SATELLITE 


ORBIT AV = 10,000 
FT/SEC TAKEOFF 
AV = 5700 © 
EARTH SATELLITE 
(VELOCITY 25,000 FT/SEC) LAND 
av = 5700 
FT/SEC 
LEAVE SATELLITE 
ORBIT AV = 10,000 


FT/SEC 
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VELOCITY REQUIREMENT 


INITIAL (EARTH SAT) VELOCITY 25,000 FT/SEC 
MISSION VELOCITY 24,400 FT/SEC 


Fic. 3. 


i SUCCESSES of the Russian Sputniks and of our Explorers and Van- 
guard make the great potentialities of rocket propulsion clear to everyone. 
Much has been written and spoken about the real and bright prospects of 
manned space flight in the near future. There is, however, a big step be- 
tween tossing a small payload into a satellite orbit and manned flight into 
outer space. A step in this direction will occur when the X15, now under 
construction, will carry its pilot higher and faster than anyone has gone before 
and subjects him to some of the problems of a safe return to earth. 

In the following discussion, the velocity requirements for several missions 
will be given. Propulsion by various rocket methods will be described 
briefly with more detail on high-energy chemical rockets. The coverage of 


so broad a field in a single paper can serve as only an introduction to the 
subject. 


VELOCITY REQUIREMENTS 


Satellite velocity requirements are shown by Fig. 1. The curves are 
based on circular orbits. The satellite velocity is, of course, that velocity 
where the centrifugal force balances the gravitational pull. This velocity 
is tangent to the earth’s surface. 

A typical satellite trajectory consists of a vertical take-off and a curved 
flight that becomes tangent to the desired satellite orbit. One or more 
stages of boost and a coasting period usually are needed to reach the orbit 
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“Although propulsion is only one of the many problems facing the space traveler, 


it holds the key to his success. 


Historically, it seems that flight propulsion methods 


almost always lag behind the development of suitable vehicles, 


and space flight is no exception.” 


Rocket Propulsion Requirements for 
SATELLITES AND MOON MISSIONS 


John L. Sloop 
Lewis Research Center, NASA 


tangent, and one or more stages-are needed to accelerate 
the payload to the velocity required for the desired 
orbit. The orbits of the several earth satellites are 
ellipses. 

A moon circumnavigation, as given by Ehricke and 
Gamow,! is shown by Fig. 2. If a vehicle is launched 
to take advantage of the earth’s rotation, a velocity of 
35,000 ft./sec. is required to put it in orbit to the moon. 
With proper guidance and timing with respect to the 
moon’s orbit, the vehicle can approach the moon and 
swing around it. Relative positions of the vehicle and 
moon can be traced by the corresponding numbers on 
the two orbits. If it is desired to put the payload in 
an earth satellite orbit on its approach to the earth, 
the vehicle must be decelerated by 10,000 ft./sec. 
This can be done by applying reverse rocket propul- 
sion, an expensive way, or by skimming through a 
portion of the earth’s atmosphere and using friction 


with the air to slow down the vehicle. This must be 
done carefully to prevent overheating and requires 
several passes about the earth. Eggers of the NASA 
Ames laboratory has described this method of atmos- 
phere braking. 

A velocity budget for a moon satellite and landing, 
with departure from an earth satellite platform, is 
shown by Fig. 3. The velocity needed to leave the 
earth satellite platform and head for the moon is about 
10,000 ft./sec. As the moon is approached, a de- 
celeration of 2,200 ft./sec. is needed to swing into a 
moon satellite orbit. 

An additional velocity requirement of 5,700 ft./sec. 
deceleration is needed for a “‘soft landing,’ and this 


Condensed and revised from a paper of the same title pre- 
sented before the IAS Washington Section, Feb. 11, 1958. 
Mr. Sloop is Chief, Rocket Engines Branch. 


SATELLITE VELOCITY REQUIREMENTS 


29,000- 


20 


28,000; 
IDEAL VELOCITY 


VELOCITY, 
FT/SEC 


1 
400 600 800 
SATELLITE ALTITUDE, MILES 


Fic. 1. 


MOON MISSIONS 


DEPARTURE FROM EARTH SURFACE 


6 
ENTER SATELLITE ORBIT 
AV = 10,000 FT/SEC 
So 
3 
LEAVE EARTH SURFACE 
V=35.000 FT/SEC 
ol 


Fic. 2. 
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Fic. 4. Velocity equation. 
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Fic. 6. Solid propellant rocket. 
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Fic. 7. Liquid propellant rocket. 
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might be quite soft if the dust has much depth. The 
rocket exhaust will raise considerable dust—which 
could be a serious problem to the moon pioneer or his 
mate in a hovering ship. 

The take-off from the moon’s surface to rendezvous 
with the circling mother ship requires 5,700 ft./sec. 
acceleration, and, if all is well, the pioneers can accel- 
erate another 2,200 ft./sec. and head back to earth, as 
previously described. 


VELOCITY OF A MISSILE 


The velocity of a missile can be determined from the 
equation shown and plotted in Fig. 4. V, is missile 
velocity at burnout, ft./sec.; g, is the gravitational 
constant 32.2 ft./sec.?; I;,) is specific impulse, Ibs. 
thrust/(Ibs./sec.); W, is propellant weight, Ibs.; W, 
is gross weight, lbs.; and AV, represents the velocity 
losses from drag and gravitational pull. A plot of this 
equation shows the effect of the principal variables, 
specific impulse, and mass ratio (propellant/gross 
weight). The dashed curve represents the velocity 
loss from gravitational pull if the flight is vertical, 
which is simply the acceleration of gravity times the 
burning time. (For other vehicle orientations, multi- 
ply by the sine of the angle of the vehicle with respect 
to the earth.) 


As an example of the effect of the principal variables, 
consider a vehicle with a specific impulse of 200, a mass 
ratio of 0.80, and a burning time of 100 sec. The loss- 
free velocity is 10,000 ft./sec. and the velocity loss is a 
maximum of 3,000, leaving a net velocity of 7,000 ft./ 
sec. Suppose a second vehicle had a specific impulse 
of 400 and a mass ratio of 0.9. Its loss-free velocity 
is 30,000 ft./sec. If the burning time is again 100 sec., 
the maximum velocity loss is 3,000 ft./sec., leaving a 
net velocity of 27,000 ft./sec. A gain in specific im- 
pulse of near this order can be obtained with high- 
energy propellants and large expansion ratios. The 
mass ratio of 0.9 is hard to come by but is possible with 
good design. Of course, such a mass ratio means 
that all the hardware, guidance, structure, tanks, con- 
trols, engines, and payload combined are only 10 per 
cent of the gross weight. The higher mass ratios are 
plotted for academic interest. 


SPECIFIC IMPULSE SPECTRUM 


All rockets produce thrust by accelerating a pro- 
pellant. The index of merit of a rocket is the specific 
impulse, which is the thrust produced per pound per 
second of propellant flow. This is sometimes expressed 
in terms of exhaust velocity, which is related to specific 
impulse by the gravitational constant 32.2 ft./sec. 
squared. 

Two major factors determine specific impulse: (1) 
the ratio of gas temperature to average gas molecular 
weight and (2) the pressure ratio through which the 
gases are expanded from the combustion chamber 
through the nozzle to the atmosphere. The first factor 
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jsa function of the propellant combination; the second, 
of engine design. 

The importance of using light propellants is often 
overlooked. For example, suppose we have a reaction 
with a temperature of 9,000°R. and a molecular weight 
of 18. The quotient is 500, which can be equaled by 
heating hydrogen to 1,000°R. Obviously, very heavy 
atoms or molecules are not desirable in the exhaust 
gas. Rocket nozzles designed for large pressure ratio 
expansion at altitude produce about 25 per cent more 
thrust than nozzles designed for expansion to sea-level 
pressure, other factors being equal. 

Fig. 5 shows a propellant performance spectrum, 
with scales of specific impulse and exhaust velocity. 
Present liquids, solids, and monopropellants range in 
specific impulse from below 200 to about 250. Above 
them is a region of high-energy chemical propellants. 
Above them are free radicals, nuclear propulsion, and 
propulsion by plasmas, ions, and photons. 


ROCKET PROPULSION METHODS 


Solid Propellant Rockets 


The solid propellant rocket was the first type of rocket 
produced and is finding increasing use today. A typi- 
cal solid propellant rocket is shown by Fig. 6. The 
solid propellant, with a hollow center, is placed in a 
case to which the nozzle is attached. The propellant 
is ignited by a pyrotechnic, and burning takes place 
from the inner surface outward. This insulates the 
outer case until the last moment of burning. There 
are many compounds used in solid propellants, among 
them are nitrocellulose, nitroglycerin, and ammonium 
perchlorate. The specific impulse values of solids 
range from below 200 to 250 and perhaps higher. 


Liquid Propellant Rockets 


A typical liquid propellant rocket is shown by Fig. 
7. The fuel and oxidant flow from the tanks to cen- 
trifugal pumps which boost the pressure. From there 
the oxidant flows through valves to the injector, where 


it is sprayed into the combustion chamber. The fuel 
is usually used as a coolant by passing it through pass- 
ages in the nozzle and combustion chamber. From 
there it reaches the injector and is sprayed into the 
combustor, where it mixes and burns with the oxidant. 
The hot gases expand through the nozzle to produce 
thrust. 

Fig. 8 shows the performance of present propellants 
based on a chamber pressure of 300 psia and on the 
assumption that the gas expands to sea-level pressure 
without change in composition (frozen expansion). 

High-energy propellants are shown by Fig. 9. High- 
est performance is obtained with hydrogen as a fuel. 


Thermonuclear Rockets 


A nuclear rocket (Fig. 10) carries a single propellant 
tank of some light propellant such as hydrogen. The 
propellant is pumped to a reactor which heats it, and 
expansion takes place through the nozzle as in other 
rockets. 

The performance of heated hydrogen as a function of 
temperature is shown by Fig. 11. The curves are for 
chamber pressures of 300 and 1,200 psia and expanding 
to sea-level pressure; lower pressures could be used for 
space vehicles. (A number of papers have been written 
on nuclear rockets—e.g., references 3, 4, and 5.) 


Electric Rockets 


A number of methods of obtaining very high specific 
impulses by using electric or solar power are being stud- 
ied. One of these, as shown by Fig. 12, is the arc jet, 
where the working fluid is heated by an electric arc. 
It consists of a positive electrode in the back of the 
chamber with the nozzle as the negative electrode. 
A nuclear-electric system furnishes the power to start 
and maintain an are between the electrodes. A light 
propellant, such as hydrogen, is first used to cool the 
chamber and then is heated by the arc to a high tem- 
perature, after which it is expanded through the nozzle 
to produce thrust. Specific impulses on the order of 
1,500 are possible with this system. Obvious disad- 


EXHAUST SPECIFIC 


Pe 300 F. E. 
VELOCITY, IMPULSE, 
LB THRUST 
CB/SEC FLOW 
Oo — No He 
8372, 
O2— RPI 
O50+ 250+ 
Og — NH3, — No Hg 
CIF, 
O2 - C2 Hs OH 
RFNA - UDMH 
7406/4 230+ 
CIF;—NH, 
RFNA JP4 
7084 
220 SOLID PROP 


Fic. 8. Performance of present propellants. 
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Fic. 9. Performance of high-energy propellants. 
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Fic. 12. Are-jet propulsion system. 
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Fic. 13. Components of ion thrust system. 


Fic. 10. Nuclear rocket. 
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Fic. 14. Ion and electron source (Stuhlinger). 


Fic. 15. Bostick’s plasma accelerator. 
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Fic. 16. Plasma accelerator propulsion system. 
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Fic. 17. Photon sail. 


vantages of such a method are high electrode con- 
sumption and high heat transfer rates to the nozzles. 
Indicated on the diagram is an auxiliary recirculating 
cooling system for the electrode part of the nozzle if 
the heat load is too great for the propellant. 

The components of an ion thrust system are shown in 
Fig. 13. Again a nuclear source of electric power is con- 
sidered. The propellant is ionized, then accelerated 
electrostatically and ejected to produce a small thrust. 
Both positive ions and electrons must be ejected or else 
a space charge builds up that stops the flow of ions. 
Stuhlinger® has suggested using alkali metals such as 
cesium, rubidium, and potassium because these can be 
ionized readily by a hot platinum surface. Fig. 14 
shows his ion and electron source and thrust chambers. 
It is desirable to have as large a current density as 
possible, but this is limited by external space charge. 
According to the Shottky-Langmuir space charge 
law, the current density is inversely proportional to 
the square of the distance from the accelerator exit 
to the point of neutralization. This distance should 
be kept to a fraction of an inch to keep ion jet areas 
within reason. 

A plasma accelerator is shown by Fig. 15. Plasma 
is ionized gas with a neutral charge, and the accelerator 
was suggested by W. H. Bostick.’ It consists of two 
electrodes in an insulator. If an arc discharges across 
the electrodes, a magnetic field develops which reacts 
with the current flow to produce a force perpendicular 
to both. Since the field is stronger on the inner surface 
than the outer, a net force forward is developed as de- 
picted in the figure. Specific impulses as high as 
20,000 can be obtained. A propulsion system using 
this accelerator is shown in Fig. 16. A nuclear power 
plant with a high-voltage generator and rectifier supply 
the electric potential and energy. Condensers are 
charged, then discharged through suitable switches to 
produce the are across the accelerator electrodes. 
Many accelerators in parallel and operating in rapid 
succession are needed to produce a small thrust. 

The ultimate in high specific impulse would be the 
goal of using a photon sail shown by Fig. 17. Photons 
from the sun are reflected from the mirrored surface 
of the huge balloon-sail. Thrusts would be on the order 


of 2 X 1077 lbs./sq.ft., but specific impulse would be 
infinite. Some sort of control device would be needed 
to shield the mirror when the sun was in the wrong 
direction. 

The various methods of propulsion are compared in 
Fig. 18. The chemical rockets range in specific impulse 
from 300 to 1,000 if free radicals are used and the en- 
gines give from 50 to 80 lbs. thrust per pound of engine 
weight. Initial vehicle acceleration with these engines 
ranges between 1.2 to 1.5 and sometimes higher. The 
nuclear-thermal-rocket can be considered in this same 
general category. The nuclear-electric rockets are 
characterized by very high specific impulses—up to 
20,000—and also by high engine weights or low thrust 
per pound of engine weight. Their massiveness means 
that vehicle acceleration will be extremely low. Pro- 
pulsion by solar energy falls into this same general 
category.® 

Different propulsion methods will be used for differ- 
ent phases of space flight. Chemical and nuclear pro- 
pulsion will be used for establishing earth satellites and 
building up supplies for a space mission. Both types 
are also useful for certain space missions as well. The 
electric systems look promising for extended solar 
journeys where mass consumption must be minimized. 
All of them involve a large number of problems that 
must be solved before manned space travel becomes a 
reality. Let us examine briefly the problems of using 
one of these—high-energy chemical rockets. 


PROBLEMS IN HIGH-ENERGY CHEMICAL ROCKETS 


The major components in liquid propellant pro- 
pulsion are tanks, pumping, thrust chamber, and con- 
trols. Tanks must be light yet strong enough to with- 
stand the design pressure and forces imposed by the 
engine thrust and flight through the atmosphere. 
The propellants must be pumped to the engine, and 
this can be done either by pressurizing the tanks or 
by using turbine-driven pumps. Pressurization is lim- 
ited to modest pressures, or else tank weight and pres- 
surizing gas requirements become too high. Pumping 
involves the complication of rotating machinery with 
problems of gas generation for the turbine, pump cavi- 
tation, turbine-pump speed matching, and lubrication 


ENERGY SOURCE | SPECIFIC JET [SPECIFIC WT |VEHICLE 
IMPULSE, | VELOCITY,| LB THRUST |ACCELER 
LB/ILB/SEC| FT/SEC’| | ATION, 
G 
CHEMICAL 
SOLID 300 9,700 
LIQUID 300 9,700 50-80 
HIGH ENERGY 460 15,000 
LIQUIDS 
FREE RADICALS 1,000 32,000 
NUCLEAR-THERMAL 1,000 32,000 | --------- 12-15 
NUCLEAR -ELECTRIC 
ARC 1,500 48,000 | 0.05-0.00I5 | 0.0005 
10N 20,000 | 640,000 0.0005- | 0.00001 
0.00005 
PLASMA 20,000 | 640,000 | ---------| ----- 
SOLAR 
THERMAL 500 16,000 05 0.01 
PHOTON © 0.00007. | ----- 


Fic. 18. Comparison of rocket propulsion systems (approximate 
values, space flight). 
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Fic. 19. Physical properties of fuels and oxidants. 
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Fic. 23. Pressure records in screaming rocket. 
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Fic. 24. Performance of O.—RPI at altitude (P, = 600 psia) 
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Fic. 25. Theoretical performance of F, — H2 (P. = 300 psia). 
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Fic. 20. Cooling capacities of propellants. 
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Fic. 21. Injector performance. 
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Fic. 22. Combustion osciliation modes. 
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and sealing problems. The thrust chamber has prob- 
lems of propellant injection, chamber and nozzle cool- 
ing, starting, cooling, and nozzle design for best weight, 
cooling, size, and performance compromises. Controls 
must start and stop the engine smoothly and quickly, 
palance the propellant flows so the tank of one is not 
exhausted before the other, and vary the thrust vector 
as demanded by the guidance system. 

Many of the chemical rocket engine problems arise 
from the nature of the propellants used; indeed, this is 
so great an influence that it should be considered first. 
Desirable propellant characteristics are high specific 
impulse, high density, high specific heat, thermal sta- 
bility, high reaction rate, low vapor pressure, low 
freezing point, nontoxicity, noncorrosiveness, high 
availability, and low cost. The value of high specific 
impulse has already been discussed. A high density 
aids in reducing tank weight. High specific heat and 
thermal stability are needed for the propellants used 
for coolants or where high tank temperatures are 
reached from air friction. High reaction rate means 
less combustion volume and quick, reliable starting. 
Low vapor pressure under storage, low freezing point, 
low toxicity, and low corrosiveness are desirable stor- 
age and handling characteristics. Good availability 
and low cost are the crowning touch to the list. 

One need not be a chemist to realize that there is no 
ideal propellant that meets all these requirements or 
even apart of them. For example, consider the physical 
properties of density, boiling point, and melting point 
as shown by Fig. 19. The density of many of the pro- 
pellants is fairly good with one big exception—hydro- 
gen—which has a density about 1/10 that of RPI (a 
kerosene-type fuel). The boiling points of the high- 
energy oxidants—oxygen, fluorine, and ozone—are 
extremely low, as is that of hydrogen; thus the rocket 
designer is faced with using cryogenic fluids. The 
melting points of most of the propellants are good ex- 
cept for hydrazine, hydrogen peroxide, and lithium. 

Other propellant properties are equally difficult to 
cope with. Fluorine, for example, is highly toxic and 
reactive. Extreme care must be used to keep all or- 
ganic contaminants out of systems containing fluorine. 
Exhaust gases containing hydrogen fluoride are also 
toxic and bring up many ground handling problems. 

Propellants must be used to cool the engine prior to 
combustion ; the cooling capacities of several propellants 
for several high-energy propellants are shown by Fig. 
20. The index of comparison is the heat-absorption 
capacity, in B.t.u. per second, for each pound of engine 
thrust, which is one way of lumping together the spe- 
cific heat, allowable temperature rise, and the propor- 
tionate amount of propellant flow at maximum spe- 
cificimpulse. It can be seen that hydrogen is attractive 
asa coolant. 

Another problem in liquid propellant rockets is the 
proper injection of the reactants into the combustion 
chamber to get smooth, efficient combustion. Again, 
the physical and chemical properties of the propellants 
play a prominent role. For example, Fig. 21 shows in- 


jector performance for a combination where the fuel 
requires appreciable heat for vaporization and the reac- 
tion begins in the vapor phase. Injection through 
straight holes to give parallel jets gave the lowest per- 
formance; the injection processes where the fuel was 
atomized well, as in parallel sheets and triplet patterns, 
gave considerably higher performances. Fuels with 
different physical and chemical properties would re- 
spond differently® so the search proceeds for the injec- 
tion method that is best from considerations of per- 
formance, cooling, weight, combustion stability, and 
ease of fabrication. 

Rocket-engine developers must frequently wrestle 
with an insidious problem known variously as com- 
bustion oscillations, combustion stability, screaming, 
or chugging. The higher frequency types act in a 
manner similar to sound waves. That is, they may 
bounce back and forth longitudinally (Fig. 22), or in 
and out radially, or across the chamber in transverse 
modes. These oscillations are vicious because they can 
increase the heat transfer and chamber pressure several- 
fold and strain beyond limit the cooling capacity or 
strength of the chamber. Fig. 23 shows pressure records 
in a Screaming rocket. The upper record shows the de- 
velopment of shock-fronted longitudinal waves and 
the lower one lateral oscillations. Note the threefold 
increase in chamber pressure which is accompanied by a 
similar increase in heat transfer. Many papers have 
been written on the cause of these oscillations and a 
few on the cure. It is known that the injection process 
and the chemical reactivity of the propellants, as well 
as chamber geometry, are factors, but more information 
is needed to enable an engine designer to avoid this 
problem. 

A problem of nozzle design is illustrated by Fig. 
24. Specific impulse as a function of altitude is shown 
for two nozzle designs, one for a ratio of exit area to 
throat area of 13 and the other 50. Assume that the 
rocket operates from sea level to 100,000 ft. altitude or 
higher. If the smaller nozzle is chosen, a higher spe- 
cific impulse is obtained at sea level, but performance 
is lower at altitude than with the larger nozzle. The 
larger nozzle has quite low performance, theoretically, 
at sea level but a higher performance at altitude. The 
low performance of the larger nozzle at sea level is 
caused by extremely large gas overexpansion. Fortu- 


* nately the real gas frequently refuses to overexpand this 


much and separates from the wall. This effectively 
cuts down the area ratio, and performance of the larger 
nozzle may follow the dashed curve. This indicates 
that a high area ratio nozzle is desirable, but the de- 
signer must also reckon with increased weight, size, 
more surface to cool, and increased moments on the 
thrust vector controls. 

A problem arising from the gas expansion process is 
shown by Fig. 25. Theoretical values of specific im- 
pulse as a function of fuel proportions are shown for 
fluorine-hydrogen.” The two lower curves are for 
an expansion ratio from chamber to nozzle exit pres- 
sure of 20.4 and the upper curves for a ratio of 600. 
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The solid curves are based on the assumption that the 
composition of the combustion gas mixture adjusts 
instantaneously to the local values of pressure and 
temperature in the nozzle. This is called equilibrium 
expansion. The dashed curves are for the assumption 
that the composition of the gas mixture does not change 
as it rapidly expands through the nozzle. This is called 
frozen expansion. The true expansion must lie some- 
where in between and may vary depending upon the 
individual atomic and molecular species in the gas 
mixture. For many propellants these two theoretical 
curves are within a few per cent of each other. For 
hydrogen-fluorine, however, a major advantage is at 
stake. Rocket engines designed for upper stage or 
space applications will have as large an expansion ratio 
as practical. If the real gas expansion follows the equi- 
librium curve for an expansion ratio of 600, very high 
specific impulse values are possible with very low 
amounts of hydrogen. This cuts drastically the tank 
volumes needed for this ultralow density fuel (provided 
the engine can be cooled with the lesser amount of 
hydrogen). If, on the other hand, the real gas expan- 
sion follows the frozen expansion curves, high specific 
impulse values will require almost three times as much 
hydrogen or three times the tank volume. Research 
is needed to answer this question and to seek solutions 
to the other problems cited. 


NASA HiGH-ENERGY RESEARCH FACILITIES 


The NACA (now NASA) had long recognized the 
potential value of high-energy propellants for satellite 


Fic. 27. Sectional view of rocket engine research facility. 
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and space travel applications and constructed unique 
facilities for their study, Fig. 26 shows a view of a new 
high-energy facility put into operation prior to the 
Sputniks. Engines using high-energy propellants and 
developing thrusts as high as 20,000 lbs. can be studied 
under safe operating conditions. 

Unique features of the facility are the silencing of 
the rocket roar and the handling of the exhaust fumes 
by water scrubbing. Fig. 27 is a sectional view show- 
ing the system. The tanks to the left are high-pressure 
vessels with the oxidant system immersed completely 
in liquid nitrogen. The engine is shown at one end of 
the scrubber ell. It fires vertically downward. The 
hot 6,000° to 8,000°F. exhaust, roaring out at velocities 
over 10,000 ft./sec., strikes water flowing from spokes 
protruding into the jet. In a twinkling, the gas is 
cooled to below 300° and a whisper of its former self. 
The operators must rely on visual aids and instrumen- 
tation to know that the engine isrunning. The gas then 
flows past a multitude of water sprays in the horizontal 
section which absorb the hydrogen fluoride. The hy- 
drogen fluoride in the waste water is converted to cal- 
cium fluoride and hauled away to an industrial waste 
dump. 


Major TAskKs 


The problems facing manned satellites and space 
travel can be summarized as follows: 

(1) We must develop lightweight, efficient engines 
using chemical, nuclear, and electric energy. 

(2) We must learn how to make very lightweight 
tanks and structures because every pound carried 
represents a large investment in energy. 

(3) We must learn how to keep propellants for long 
periods of time for propulsion requirements days after 
take-off. 

(4) We must make giant advances in engine and 
systems reliability. 

(5) We must develop very accurate guidance to fly 
exact orbits timed carefully with respect to the earth 
or planet we wish to reach and maintain reliable com- 
munication with the earth. 

(6) Men must learn how to live safely in the dangers 
of outer space and keep alert during confinement for 
many days of flight. 

(7) Men must learn how to return safely to earth. 

Although propulsion is only one of the many prob- 
lems facing the space traveler, it holds the key to his 
success. Historically, it seems that flight propulsion 
methods almost always lag behind the development of 
suitable vehicles, and space flight is no exception. 

A vigorous and imaginative research program will 
put and keep the United States in the lead in solving 
these problems. The NASA is part of a national team 
hard at work on these tasks. 
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High-energy fuels and marked improvements in aerodynamic efficiency 


make possible supersonic commercial transports at take-off weights 


comparable to present jet transport designs. 


Some Effects of 


High-Energy Fuels 
on Aircraft Performance 


I. THE PAST 2 years, there have been 
a number of disclosures by the Department of Defense 
of a high activity in the field of the synthesis of high- 
energy fuels for aircraft. Obviously, important bene- 
fits must be possible from the use of such fuels. It is 
the purpose of this article to discuss the principal ways 
in which high-energy fuels might affect the weight, 
range, and performance of aircraft, commercial and 
military. 

Aircraft air-breathing engines derive their power 
from the release of energy when aircraft fuels are 
burned in the presence of air. Normally, the energy or 
heat content of a fuel is expressed in B.t.u. per pound. 
The most commonly used aircraft fuels are the liquid 
hydrocarbon JP fuels, derived from petroleum crudes. 
The heat of combustion of such fuels is approximately 
18,500 B.t.u./Ib. A high-energy fuel, as used in this 
analysis, is defined as a fuel which has a significantly 
higher combustion heat per pound than the present 
aircraft fuels. 

To illustrate the potential gains in aircraft perform- 
ance that are possible from use of high-energy fuels, a 
hypothetical high-energy fuel is used. The fuel is 
assumed to have a heat content per pound 50 per cent 
greater than the liquid hydrocarbon fuels or 27,750 
B.t.u./Ib. All other characteristics of the fuel are 
assumed to be similar to or the same as present aircraft 
fuels, so that no changes in engine or airframe are 
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required. These idealized conditions are used because 
the main objective of this paper is to treat the effect of 
increased heat content of fuels on aircraft performance 


PRINCIPLES INVOLVED 


Important improvements in aircraft performance 
that are possible with high-energy fuels (subsequently 
referred to as HEF) are best illustrated by a simple 
relationship and a series of graphical representations. 

The total take-off weight W of an airplane will be 
subdivided into four major categories arbitrarily se 
lected as structural weight S, power-plant weight £, 
fuel weight F, and payload P. 

It is apparent, therefore, that S+ E+ F+P=W. 

If the payload is known and the ratios of the other 
weights to the gross weight are given, then gross weight 
can be determined as follows: 


P 
1 — (S/W) — (E/W) — (F/W) 


Supposing now that the take-off weight or gross 
weight, used interchangeably, of an airplane is repre- 
sented by a Piediagram. Fig. 1(a) is such a representa- 
tion for a JP fueled airplane. The sectors represent the 
four weight categories into which the airplane is 
divided. An allowance, for this example, of 25 per cent 
of the take-off weight is made for structure, 15 per cent 
for power plant, 45 per cent for fuel, and the payload 
is assumed to be 15,000 Ibs. A substitution of these 
values in Eq. (1) yields 


W = 15,000/(1 — 0.25 — 0.15 — 0.45) = 100,000 Ibs. 


The fuel weight is, therefore, 45,000 lbs. This amount 
of fuel is necessary, presumably, to fly the mission pro- 
file of the airplane. Another way of expressing the 


(1) 
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FIGURE | 
PIE DIAGRAMS OF WEIGHT DISTRIBUTIONS 


15,000 LB \ PLANT, 
1S% 


GROSS WEIGHT 55,400 LB 


GROSS WEIGHT 100,000 LB 


same requirement is to say that so many B.t.u. are 
required to fly the mission profile. It follows then that 
a fuel which has more B.t.u. in every pound would need 
fewer pounds to fly the given mission. 

The hypothetical HEF was assumed to have 27,750 
B.t.u./lb. So, if the above airplane were fueled with 
HEF instead of JP fuel, it would need only (18,500/ 
27,750) X 45,000 = 30,000 Ibs. of fuel. The gross 
weight of the airplane would now be only 85,000 Ibs. 
since the fuel weight was reduced from 45,000 to 30,000 
Ibs. Nothing else was changed to achieve the lower 
take-off weight of 85,000 Ibs. 

Since the take-off weight has now been reduced, it is 
reasonable to reduce the wing, for example, in propor- 
tion to the gross weight. In fact, it is approximately 
true to say that all the take-off weight of the airplane, 
except the payload, is reduced in some relation to the 
fuel load. By assuming that the ratios of structural 
and engine weights to gross weight remain the same 
even though the gross weight of the airplane is reduced 
from the initial 100,000 Ibs., and using the known 
weight of HEF and payload, the gross weight becomes 


W = (30,000 + -15,000)/(1 — 0.25 — 0.15) 
= 75,000 Ibs. 
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A considerably reduced gross weight has been 
achieved because of fewer pounds of fuel and propor- 
tionately reduced fixed weights. It must be remem- 
bered, however, that this reduced take-off weight still 
carries in it the same total energy as was required for 
the 100,000-lb. airplane. Because the smaller airplane 
needs less energy to do the same job, some of the HEF 
can be eliminated. Again, it can be reasoned that less 
structural and power-plant weight will be needed to 
carry the lesser weight of fuel. By continuing to retain 
the percentages of these items constant, a new gross 
weight can be determined, and so on. 

The general gain can be expressed by modifying Eq. 
(1). At equal values of radius, cruise speed, and L/D, 
the ratio of fuel to gross weight is given by 


F/W = 1 — 10° 
W = 
P (2) 
1 — (S/W) — (E/W) {1 - 10° 
where 


b = (B.t.u./Ib. of JP)/(B.t.u./Ib. of HEF) 


and (F/W), = the ratio of fuel to gross weight for JP 
fuel. Therefore, the gross weight of the HEF airplane 
will be 


15,000 
l~ 66 ~ 615 — fl 
55,400 Ibs. 


W 


logio(1 


The initial gross weight of 100,000 has been reduced to 
approximately one half by using an HEF with a heat 
content of 50 per cent greater than JPfuel. Continuing 
the graphical analogy, Fig. 1(b) represents the lower 
gross weight airplane. It should be noted that the 
weight of fuel required is less than one half as much as 
the JP fueled airplane. For military purposes, the 
logistic advantage would be significant. 

Only one value of heat of combustion of HEF has 
been discussed. Using Eq. (2) and the values from the 
above example, the effect on gross weight of varying 
the energy content of the HEF can be determined. A 
plot of the gross weight versus the ratio of heat energy 


FIGURE 2 
GROSS WEIGHT VS RATIO OF HEAT OF COMBUSTION 


100 


90 
80 N 


60 


GROSS WEIGHT 


10 i 1.2 13 1.4 15 
RATIO OF HEAT CONTENT OF HEF TO JP-FUEL 


of H 
(a) great 
| Y (b) this « 
yy 20 pe 
YY HE 

18,200 LB t 

Vl simi 
GROSS WEIGHT 100,000 LB atio1 

com, 
(c) (d) reas 
{ Yf in W 
anc 
oa GROSS WEIGHT 100,000 LB GROSS WEIGHT 100,000 LB gine 
thru 
(e) 
Y 
tt 
30,000 LB and 
airy 
far 
ing 
eng 
still 
Ibs. 
HE 
hav 
airy 
can 
cra 
by 
we 
fro 
| 


of HEF to JP is shown in Fig. 2. It is interesting to 
note that the reduction in weight is proportionately 
greater with the initial increases in heat content. In 
this example, the reduction in gross weight for the first 
20 per cent increase in heat energy is nearly 63 per cent 
of the weight decrease in going all the way to a 50 per 
cent increase in heat energy. 

The method of analysis used in the illustration is 
valid only when the ratios S/W and E/W are constant 
with changing W. Complete aerodynamic and engine 
similarity must also exist. In practical design situ- 
ations, none of these conditions apply exactly. For 
comparative purposes, however, the method offers a 
reasonably close approximation. 

Reduction in take-off weight is not the only manner 
in which the benefit from HEF can be used. In Fig. 
l(c) a portion of the weight of fuel that was saved just 
by changing the energy content of the fuel has been 
added to the power-plant weight. The area of the 
circle and hence the total take-off weight is the same as 
in Fig. l(a). Now, however, the added weight allow- 
ance for the power plant permits the use of larger en- 
gines. Increased engine size normally provides more 
thrust. With greater thrust, but no change in gross 
weight, a particular airplane will have higher speed, 
better rate of climb, more altitude, etc. 


All of the difference in weight between the JP fuel 
and the HEF was not put into engine weight, and for a 
good reason. The larger engine needs more fuel or 
energy for every part of the mission. This extra 
amount of energy must be added to that required for 
airplane l(a). Otherwise, airplane 1(c) could not fly as 
far, for example, as airplane 1(a). By properly balanc- 
ing the division of weight between HEF and larger 
engines, airplane 1(c) can have more performance and 
still do the same mission as airplane 1(a). 

Still a third manner of gaining a very large benefit 
from HEF is available. Airplane 1(a) carries 45,000 
lbs. of JP fuel. The entire weight can be replaced by 
HEF, as shown in Fig. 1(d). Airplane 1(d) then will 
have 50 per cent more energy available than airplane 
l(a). Everything else being equal, it is clear that 
airplane 1(d) can have a different mission profile. It 
can have a range at least 50 per cent greater than 
airplane l(a). Or, if 1(a) and 1(d) are military air- 
craft, then the extra energy can be used to allow the 
HEF airplane a longer combat time. 


Finally, the JP fuel in airplane 1(a) can be replaced 
by just enough HEF to perform the mission. The 
weight difference saved can be used to increase the pay- 
load significantly as shown by Fig. 1(e). 

The above discussions have shown that the benefits 
from HEF relative to JP fuels can be used in any one 
of the following ways: 

(1) Reduced gross weight to accomplish the same 
mission. 

(2) Increased performance at the same gross weight. 

(3) Increased range or combat time (for military 
aircraft) at the same gross weight. 


(4) Increased payload at the same gross weight. 
(5) Any combination of items 1 through 4. 


Calculations for the above illustration of the princi- 
ples involved have been greatly simplified. Now it is 
interesting to examine the results of more accurate and 
detailed studies. Both commercial and military jet 
aircraft applications were investigated. The results 
of the commercial aircraft studies will be discussed 
first. 


EFFECTS ON COMMERCIAL JET TRANSPORTS 


Commercial jet transport aircraft are now in the 
testing stage. In another year, the first regular airline 
operations are expected. An undesirable characteristic 
of jet-powered aircraft is their high proportion of fuel 
weight to take-off weight for reasonably long ranges. 
In some of the commercial jet transports now under 
construction, the fuel weight will exceed 40 per cent of 
the take-off weight. The greater the proportion of an 
airplane that is fuel, the more attractive will be the 
improvements possible from HEF. For these reasons 
it is interesting to analyze the possible gains in perform- 
ance from HEF in commercial jet transports. 

The direct objective of the analysis was to determine 
the variation of take-off weight with range for a series of 
cruise speeds. The selection of cruise speeds was 
arbitrary and they range from 500 knots, M =0.88, to 
1,725 knots, M = 3.0. 

Two hypothetical HEF fuels were used. One was 
assumed to have 30 per cent more B.t.u./Ib. than JP 
fuels and the other 50 per cent more B.t.u./lb. The 
weights versus range were computed for a series of JP 
fueled aircraft and for the same series with the two high- 
energy fuels. 

Before discussing the results, some of the main 
assumptions and conditions that were used should be 
noted. In all cases, a constant payload equivalent to 
144 passengers together with their requirements was 
used. Engines were selected to fit each speed category. 
They were not fully optimized for any of the designs but 
are believed to be close to the practical optimum at this 
time, especially in terms of engine specific weight and 
specific fuel consumption. Some typical values of 
these characteristics are shown in Table I. A typical 
percentage weight distribution for a 1,000 knot cruise 


TABLE I 
SOME TYPICAL VALUES OF ENGINE 
PERFORMANCE CHARACTERISTICS 


JP-4 SPECIFIC 
CRUISE | CRUISE | POWER | SPECIFIC | wT DRY* 
enots | FT SETTING | FUEL CONS. | LB. WT 
LB/HR/LB__| LB THRUST 
NORMAL 
soo | 36,000 | NORMAL 1.00 50 
750 55,000 = 1.60 65 
1000 $5,000 = 1.60 40 
1725 | 65,000 = 2.00 4.35 
*, 


AT THE SPECIFIED ALTITUDES 
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TABLE I 


TYPICAL WEIGHT DISTRIBUTION FOR 1000 
KNOT CRUISE SPEED AIRCRAFT 


PERCENT OF 
GROSS WEIGHT 
PAYLOAD 16.0 
CREW 
PASSENGERS 
CARGO 
FURNISHINGS 
ELECTRONICS 
EQUIPMENT 
INSTRUMENTS 
AIR CONDITIONING 
STRUCTURE 25.0 
POWER PLANT 19.0 
FUEL 38.5 
FUEL SYSTEM 1.5 
TOTAL 100.00 


FIGURE 3 
TYPICAL FLIGHT PROFILE FOR TRANSPORT DESIGNS 
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THROUGHOUT MISSION 


speed aircraft is shown in Table II. Adequate take-off 
thrust to be compatible with modern airport runways 
was provided. The flight profile with the allowances 
for reserve is shown in Fig. 3. 

The aerodynamic efficiency that was applied is re- 
flected by the values of maximum L/D versus speed 
that are shown in Fig. 4. The solid lines represent 
what is believed to be the present state of the art. In 
order to show the effects of improved aerodynamic 
efficiency, the basic values of L/D were arbitrarily in- 
creased by a factor of 1.5. The resultant values are 
shown by a dashed curve on Fig. 4. Additional calcu- 
lations were made with the increased values of L/D, and 
the effects on gross weight and range will be discussed 
later. 

The results of the computations are shown in Figs. 
5(a), (b), and (c) and 6(a) and (b). The marked im- 
provements from HEF in range or take-off weight are 
apparent. For example, entering Fig. 5(a) at a value 
of range of 3,500 nautical miles, more than adequate for 
a nonstop flight from New York to Paris, we can read 
the gross weight of the 1.3 HEF (30 per cent more heat 
content than JP fuel) airplane as 210,000 lbs. for a 
cruise speed of 500 knots. The JP fueled airplane for 
the same range would. weigh 288,000 lbs. Conversely, 
for 288,000 Ibs. the 1.3 HEF airplane will have a range 
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of 4,575 nautical miles at a cruise speed of 500 knots, 
Still better performance is shown with a 1.5 HEF 
(50 per cent more heat content than JP fuel). 
Although HEF provides significant improvements at 
cruising speeds of 500 knots, the improvements are 


much more significant at supersonic speeds. It will be 
noted that a 500,000-Ib., 1.3 HEF airplane would pro- 
vide a range of 1,750 nautical miles at 1,000 knots 
cruising speed, Fig. 5(c). With the assumptions made 
in this analysis, 1,750 miles range cannot be achieved 
at any weight with a JP fueled transport of 1,000 knot 
cruise speed. 

An improvement in the gross weight versus range 
values in going from 750 knot to 1,000 knot cruising 
speed is apparent; compare Figs. 5(b) and 5(c). The 
inversion is due to the relatively small decrease of L/D 
from 750 knots to 1,000 knots. At the same time, the 
overall efficiency of the jet engine improves at a higher 
rate in going from 750 knots to 1,000 knots. 

The question immediately arises as to whether an 
even higher cruise speed would show a still greater im- 
provement. The answer is in the affirmative and can 
be seen in Figs. 6(a) and (b). Note that when cruising 
at 1,725 knots less take-off weight is required for a 
given range than when cruising at 1,000 knots. The 
fact that the absolute value of the L/D for Fig. 6 is 
higher than for Fig. 5 does not modify this conclusion. 
The same trend will prevail at lower absolute values of 
L/D so long as the differences in L/D values between 
the two speeds are proportional. No attempt was 
made to determine a practical optimum supersonic 
cruise speed. 

In Fig. 6(a), the improvements in gross weight with 
improved aerodynamic efficiency can be seen by com- 
paring the 1,000 knot cruise speed values with those of 
Fig. 5(c). Whereas it was impossible to design a JP 
fueled airplane to cruise at 1,000 knots for a distance of 
1,750 nautical miles with normal values of L/D, it be- 
comes quite attractive at a gross weight of 250,000 Ibs. 
if a 50 per cent improvement in L/D can be achieved. 
At a cruise speed of 1,725 knots, an even greater im- 
provement is indicated. With 1.3 HEF, a cruise speed 
of 1,725 knots, and improved values of L/D, the gross 
weight becomes quite manageable, indeed, for even 
much greater stage distances. For a nonstop flight 
between New York and Paris at 1,725 knots, allowing a 
range of 3,500 nautical miles the gross weight is shown 
to be 380,000 Ibs. for the 1.3 HEF and only 300,000 Ibs. 
for the 1.5 HEF. It should be evident from Fig. 6 
that the benefits from HEF are superimposed on any 
other improvements. 

The values in Figs. 5 and 6 are all based on the same 
payload of 144 passengers and their requirements. 
Considerable improvement in range of the supersonic 
airplanes is possible by replacing passengers with fuel. 
For example, Fig. 5(c) shows that the ranges for a 
400,000-Ib. airplane are 1,130, 1,520, and 1,750 nautical 
miles for the JP, 1.3 HEF, and 1.5 HEF, respectively. 
Under exactly the same conditions but reducing the 
numbers of passengers to 72 and replacing their weight 
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and furnishings only with fuel the respective ranges 
increase to 1,470, 1,970, and 2,250 nautical miles. 


EFFECTS ON A MILITARY AIRCRAFT 


The effects of HEF on a military aircraft were also 
investigated. Asa basis for comparison, a preliminary 
design of a typical military fighter aircraft using JP 
fuel was carried out. Its performance was computed. 
Following that, a number of varying conditions were 
imposed and the performance or other characteristics 
redetermined. The varying conditions were: 


(1) Substituting an equal weight of 1.5 HEF for JP 
fuel, determine the resulting radius. 

(2) Substituting an equal weight of 1.5 HEF for JP 
fuel, determine the increased combat time. 

(3) Substituting just enough weight of 1.5 HEF to 
perform the same mission as when using JP fuel and 
allowing the structural weight to change, determine the 
reduction in gross weight (the engine size was the same 
as in conditions 1 and 2 above). 

(4) Allowing the various factors to change as neces- 
sary, determine the gross weight of an airplane, de- 
signed with 1.5 HEF, to carry the same military load 
and have the same performance and mission profile as 
the JP airplane. 


Results are shown in Fig. 7. The first bar in Fig. 7 
has the value of unity. It represents the JP fuel design 
which is the base for comparison. The bar below that 
shows that the radius can be increased to approximately 
two times the basic radius by substituting an equal 
weight of 1.5 HEF for JP fuel. Similarly, the combat 
time can be increased by a factor of about 2.5. Where 


Satellites and Moon Missions (Continued from page 44) 


the structural weight is also permitted to vary, condi- 
tion 3, the weight reduction is significant as shown by 


the fourth bar. Performance parameters such as high 
speed, rate of climb, maximum ceiling, acceleration, 
and maneuverability would also be much improved in 
this case since the engine is larger than needed to meet 
the basic performance. The last bar shows the marked 
reduction in gross weight that is possible if the design is 
completely tailored to the use of 1.5 HEF. 

The increase in combat radius in Fig. 7 is considerably 
in excess of the ratio of B.t.u. per pound between the 
1.5 HEF and JP. An explanation for the difference is 
readily available. The cruise fuel weight itself will 
provide 50 per cent more radius just from the added 
energy per pound. When computing the radius of a 
fighter, certain allowances of fuel are made for take-off, 
combat, loiter, and reserve. None of this fuel is used 
in the computation of radius. Substituting HEF for 
JP allows an increment of weight to be saved in each 
one of the portions of the mission which does not add 
to the distance that may be counted toward radius. 
The sum of the increments saved, when added to cruise 
fuel weight, provides the added increment of radius over 
that ascribed to increase of B.t.u. per pound only. 


CONCLUSION 


High-energy fuels offer the possibility of very signifi- 
cant improvements in the performance of both com- 
mercial and military aircraft. The combination of 
high-energy fuels and marked improvements in aero- 
dynamic efficiency offer the possibility of supersonic 
commercial transports at take-off weights comparable 
to present jet transport designs. 
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In outer space travel 
conventional methods of navigating are not expected to be sufficiently 
accurate; the use of thermal detectors may solve the problem. 


An Application of 


Solar Radiation to Space Navigation 


— TRAVEL through outer space 
inherently involves inordinately high flight times and 
distances, it is improbable that the conventional meth- 
ods of navigating, wherein the error buildups are time 
and distance dependent, will be sufficiently accurate. 
Since the direction of a space vehicle from the origin 
of a given coordinate system can be found by conven- 
tional star or planetary fixing techniques, the major 
problem in position determination in space becomes 
one of range or distance determination. This study 
examines the feasibility of determining range in space 
by means of a passive thermal radiation sensing sys- 
tem. The coordinate system to be employed is solar- 
centric. Distance from the sun at any instant is meas- 
ured by analyzing the radiant power impinging on the 
sensitive elements of a thermal detector sensitive to a 
slight change in temperature for its response; thermo- 
couples, thermopiles, and bolometers are all in this 
category. 

The flux density, F, of radiation from a surface of 
area A at a distance D from a radiating body is the 
radiant energy per second passing through a unit area, 
which is normal to the line-of-sight to the emitting 
surface. ! 


F = (ecAT*)/(rD?) (1) 
where 
¢ = totalemissivity of the surface 
¢ = Stephan-Boltzmann constant 
T = absolute temperature of the radiating body 


A = surface area of the radiating body 
D = distance from the radiator to the detector 


In order for Eq. (1) to be useful, D is required to be 
at least ten times greater than the lateral dimensions 
of the radiating body. Otherwise, it is necessary to 
modify the relation in accordance with Lambert’s 
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cosine law? and integrate the radiation over the entire 
solid angle subtended at the detector by the radiator. 

Since the temperature change and response of a 
thermal receiver exposed to a radiation flux from a 
distant body will depend not only on the flux density 
received but also on the energy radiated from the de- 
tector, it is necessary to determine the net exchange of 
radiant energy between the object and the detector. 
This subject is discussed in greater detail later. Let 
the radiating body be the sun, and let the detector be 
located in a vehicle within the solar system but suffi- 
ciently distant from any planet as to be unaffected by 
atmospheric effects. 

The radiant power, Ps, received by the detector of 
area A pis given by 


Ps = ApFs = (esoTs*AgA p)/(4D*) (2) 


where the subscript S refers to the sun. 
In like fashion, the radiant power transmitted to the 
sun by the detector is 


Pp = AsFp (3) 


where Fp is the flux density from the detector received 
atthesun. Thus 


Fp = (epaT p)/(mD?) (4) 


where ep = total emissivity of the detector surface, 
and Tp = absolute temperature of the detector sur- 
face. Then 


Pp = (epoT p*A pAs)/(4D?) (5) 


If it is assumed that most of the energy radiated from 
the detector can be directed back toward the sun, the 
net exchange of power is given by 


AP = Ps — Pp = [(esoT stAsAp)/(aD?)] — 
[(epoT p*A DAs) /(4D?) | 


or AP = [(o AsA p)/(xD?) | (esT's4 p*) (6) 


Since the sun can be considered to be a perfect 
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radiator*® at an effective black body temperature of 
5,750°K. and the receiver can be made to very closely 
approximate a black body, let 


és = ep = 1 (7) 
AP = (Ts* — Tp‘) (8) 


Moreover, since the radiating temperature of the 
detector is extremely small compared with the solar 
temperature (especially when raised to the fourth 
power), 


AP = (9) 

The cross-sectional area of the sun is 
Ags = (mp?) /4 (10) 

where p is the solar diameter. Now let 
p= v0 (11) 


where y is the astronomical unit or the distance 
between the earth and the sun; @ is the earth-measured 
angular diameter of the sun. By substitution, 


AP = pT s*)/(4D*)] (4/4) = 
(cA (12) 


Since all quantities in Eq. (12) are either known or 
can be measured, D can be determined. Let the 
reference direction in the solarcentric coordinate system 
be the earth-sun direction. Since the earth-sun dis- 
tance is a known function of time, the angular position 


of the vehicle can be found by measuring the angle in. 
cluded between the vehicle-sun and the vehicle-earth, 
Thus, a complete position determination of the vehicle 
can be effected in the solarcentric system. 


ERROR ANALYSIS 


The significant question which still remains to be 
answered is one of accuracy. How accurately can the 
solar distance determination be made? An analysis 
of the errors involved in the computation is given below. 

Taking logarithms in Eq. (12) yields 


In AP = In (o/4) + In Ap + 2Inyt+ 
—21nD (13) 
Taking differentials of Eq. (13), 
[d(AP)]/AP = [(dAp)/Ap] + [(2dy)/y] + 
+ [(4dTs)/Ts] — [(2dD)/D] (14) 
Solving 


dD = (D/2Ap)dAp + (D/yp)dy + (D/0)d0 + 
(2D/Ts)dTs — [D/(24P)]d(AP) (16) 


Now let Px denote the probable error in the quan- 
tity X. Then the probable error in distance, assuming 
all quantities are uncorrelated,‘ is given by 


Pp = V(D?/4A p*)PAp? + (D?/p*)P,? + (D?/6?)P,.2 + (4D?/Ts?)Pr,? + [D?/4(AP)?]P 4p? (17) 

or Pp = DV (Pap/2An)? + (Py/W)? + (P,/0)? + (2Prs/Ts)? + (Pap/2A4P)? (18) 
Substituting for AP from Eqs. (9) and (10) yields 

Pp = DV (Pap/2Ap)* + (P,/¥)? + (Po/0)? + (2Prs/Ts)? + [(2Pap)/(0A s') |? (D/p)* (19) 

Let K = 2Pap/(cApTs*) = constant (20) 

Then Pp = DV (Pap/2Ap)* + (Py/¥)? + (Py/8)? + (2Prs/Ts)? + K*X(D/p)* (21) 


NUMERICAL EVALUATION 


The precision with which the astronomical unit is 
known is® 


P,/¥ = 1.138 X 10-4 (22) 

The minimum detectable power of a thermocouple 
type of detector® is given by 

= 10-° watts (23) 


for existing conventional detectors. However, since 
the theoretical limit® appears to be about 10~-! watts, 
small improvements are certainly expected. 

Since the earth-measured angular diameter of the 
sun is 31’ 59.3” of arc, 


@ = 1,919.3” (24) 


Furthermore, by the most accurate methods presently 
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available, the best precision with which an angle can be 
measured’ is 5 X 10-*”. However, such a measure- 
ment (photoelectrically) could be carried out only 
under the most ideal conditions. For this reason, a 
more plausible (although still extremely difficult to 
realize) precision estimate of 5 X 10-*” is used. 


P,=5X 107°" (25) 


Since the responsivity of a thermal detector tends to 
decrease with increasing cross-sectional area, extremely 
small apertures of the order of 1.0 mm.? are currently 
employed. Thus 


Ap = 1.0 mm.? = 10-? cm.? (26) 


If it is assumed that an uncertainty of 10~* in. exists in 
the measurement of the linear dimension of the detector 


ran 


00 


DISTANCE ERROR, THOUSANDS OF MILES 


Fic 


apert 
factu 
Sin 
(obtz 
Maki 
| gives 
| Sit 
the c 
es 
Pp 
tanc 
the 
rem 
= 
j 
| 


in 


aperture (perhaps 1,000 times better than the manu- 
facturing tolerance achievable), 


= 5.08 X 10-7 cm. (27) 


Since the sun has been regarded as a black body 
radiator with an effective temperature, 7's, of 5,750°K. 
(obtainable from Stefan’s Law), 


Ts = 5.75 X 10°K. (28) 


Making the assumption that this “effective” radiating 
temperature is measurable only to within about 0.1°K. 
gives 


Pr;/Ts = 0.1/(5.75 X 108) = 1.74 X 10 (29) 
Since the Stefan-Boltzmann constant, o, is given by 
o = 5.7 X watts/cm.?/deg.* (30) 

the constant, K, defined in Eq. (20) is found to be 
K = 3.19 X 107"! (31) 
Substitution of the numerical values into Eq. (21) 
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WAVE LENGTH, 1000 ANGSTROMS 


Fic. 2. Solar radiation distribution with wave length. 


—7\ 2 —2\ 2 4 
) + (1.138 X 10-4)? + ) + (2X 1.74 X 10>)? + (3.19 X10-")2 (*) (32) 


2 X 1919.3 


Pp = DV1.59 X + 10.18 X (D/p)! (33) 


Since the minimum distance between Mercury and 
the sun is 28.566 million miles and the maximum dis- 
tance between Pluto and the sun is 4.3 X 10° miles, 
the only range under consideration, if the vehicle is to 
remain within the solar system, is 


28.566 XK 10° < D < 4.3 X 10° miles (34) 
Moreover, since p = 864,392 miles, 
33.05 < (D/p) < 4974.59 (35) 


Since (D/p) > 10, Eq. (1) applies throughout the 
range of interest and the results which follow are valid. 
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DISTANCE FROM THE SUN, MILLIONS OF MILES 


Fic. 1. Position error vs. thermally determined solar distance. 


A plot of Eq. (33) is shown in Fig. 1. It may be 
seen that the error in range to the sun can become as 
large as 3.46 million miles if the vehicle is at a distance 
equal to the apogee of Pluto. However, if the space 
vehicle is traveling in the vicinity of the inner planets, 
its “heliopath,”’ or distance from the sun determi- 
nation, will be in error by no more than one earth diam- 
eter. The second curve shows that the relative helio- 
path error will vary between 0.01 and 0.1 per cent. 

Although the absolute errors in position appear to 
be large by comparison with errors existing in earth 
navigation systems, the relative errors are actually com- 
parable with those presently attainable in the best 


. inertial navigation systems. Furthermore, since navi- 


gation in space requires only navigating to the vicinity 
of massive bodies, the errors quoted above should cer- 
tainly be acceptable, especially in light of the fact that 
the thermal measuring system investigated above 
would probably be extremely lightweight, small, and 
completely passive. Since the space vehicle would 
transfer to a local planetary coordinate system when in 
the near vicinity of a body, the heliocentric system 
would have to be used only for interplanetary oper- 
ations. 

So far, little has been said of the manner in which the 
solar radiation is to be measured. It was pointed out 
early in the discussion that the thermal detector re- 
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quired should be responsive to a slight change in tem- 
perature and that the detector output should be pro- 
portional to the net exchange of radiant power between 
the radiating object (the sun) and the detector. Such 
a technique is made possible only by proper design of 
the detector. For example, if the detector is designed 
so that its sensitive area is located in a cylindrical tube, 
the radiation to the exterior of the vehicle from the de- 
tector will be directed mostly back to the sun rather 
than to space. Furthermore, if the wall temperature 
of the cylindrical tube is thermostatically controlled 
to the temperature of the detector, the isothermal en- 
closure so obtained does not permit any net power to be 
exchanged between the tube walls and the detector. 
The thermostatic control of the wall temperature could 
be effected by comparison circuitry through the resist- 
ance temperature of the sensor. In such a system, 
Eq. (6) provides the expression for the detector re- 
sponse as a function of heliopath. 

The major disadvantages of the thermal measuring 
system are twofold. First, the path between the ve- 
hicle and the sun must not be occluded by any heavenly 
bodies. This condition should not be too difficult to 
satisfy since all the planetary orbit planes lie close to 
the ecliptic and the probability of a solar eclipse is 
small. The second problem centers about variations 
in the flux density of radiation from the sun. During 
periodic surges of solar storms, it is possible for the 
effective solar radiating temperature and the flux 
density to fluctuate somewhat. A comparison of the 
radiation rate of the sun is made with the ‘‘effective”’ 
radiation curve’ in Fig. 2. Although Fig. 2 shows that 
in the visible and infrared region of the spectrum the 
sun can be treated as a black body, during periods of 
great solar activity variations may occur. 

Another area requiring consideration is the one of 
solar tracking. Whether position determinations are 
to be made continuously or periodically, it will be 
necessary for the thermal radiation sensor to be located 
in a direct line of sight to the sun. If position deter- 
minations are required continuously, the sensor orien- 
tation must be electromechanically slaved to the sun. 
If the position determinations are required only period- 
ically, some means of sun location, such as telescopic 
finding equipment, must be employed. In either case, 
a thermal window and a gimballed thermal sensor are 
probably required. 

The question naturally arises as to whether or not 
it is possible to obtain position in space much more 
accurately by some other technique, such as star 
observation. 

Observation of the stars from a vehicle very distant 
from the earth is not sufficient to obtain positional 
information since the stars are so far away that, for all 
practical purposes, they are points at infinity, and, 


> 
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therefore, only angles can be measured. The only 
information that can be gathered from star observations 
in space is the direction of the radius vector from the 
origin of the coordinate system to the vehicle. To 
determine absolute position, the magnitude of the 
radial vector must be known. If an attempt is made 
to measure the radial vector by measuring the apparent 
solar diameter, as has been suggested elsewhere,’ the 
resulting error in range would be about 100,000 miles 
at a range of about one astronomical unit. This error 
is one order of magnitude greater than the error which 
would be obtained in a thermal system. 

It should also be noted that position determination 
accuracies can be improved considerably by performing 
observations on the planets instead of the stars. How- 
ever, it would then be necessary to carry an extremely 
accurate time base, such as an atomichron, aboard the 
vehicle, in addition to having vast quantities of stored 
data involving planetary positions as a function of 
time. Analogous data are needed for star observa- 
tions also, however, to a lesser extent. Although the 
position variation of the destination with time is also 
required in the thermal measuring system, the quan- 
tity of information necessary is small. 

In summary, it appears that a system of space posi- 
tion determination with respect to the sun, by means 
of thermal detectors, might be a useful solution to the 
problem of navigating in space. There is still much 
work to be done in determining the constancy of the 
parameters involved. For example, measurements of 
solar radiation and its fluctuations in space can be 
carried out today by instrumented satellites. After 
such tests are carried out, the thermal position system 
could become a reality. 
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The concept of equivalence is introduced as the identity of flutter eigenvalues 


derived from equations of differing configurations; 


this concept serves to appraise qualitative flutter behavior in design and remedial studies. 


Equivalent Configurations in Flutter Analysis 


John D. C. Crisp 


Massachusetts Institute of Technology 


SYMBOLS 


(See also Fig. 1) 


ab = distance aft of midchord of nodal line in torsion 
b = local wing semichord 
eb = distance (aft of the midchord) of the flap hinge line 


k, ky = reduced frequency; wb/V, wh,/V, respectively 

kj = modal reduced frequency; wjb,/V 

ky = factor multiplying kth column of flutter determinant 

ko = a particular one of the k; 

m = mass per unit span 

q = generalized coordinate 

s = wing span, centerline to tip 

x = streamwise coordinate axis, positive aft of reference 
axis 

y = spanwise coordinate axis, with origin at centerline 

z = vertical displacement, positive downwards 

A = twist of flap relative to main surface at inboard end 

B = twist of flap relative to main surface at outboard end 

G = factor multiplying direct flutter coefficients (7 = R) 

I = second mass moment per unit span, about spanwise 
reference axis (subscript a) or about hinge line 
(subscript 8) 


K = factor multiplying a row 
Ki, K. = parametric factors for aileron span and position, 
respectively 


L = complex lift per unit span, at leading edge 

M = complex moment per unit span on wing surface 
S = first mass moment per unit span 

T = complex aileron hinge moment per unit span 

V = forward true air speed 

a 


= chordwise slope, positive nose up, of wing; see Eq. 


(13) 

8 = chordwise slope, positive nose up, of flap; see Eq. 
(13) 

n = spanwise coordinate, y/s 


The author is Research Engineer, Aeroelastic and Structures 
Research Laboratory. 

Miss Betty Emslie of the Aeronautical Research Laboratories, 
Melbourne, was responsible for a major part of the computation 
associated with graphical solutions. The author is indebted to 
Prof. H. Ashley of M.I.T. for his useful comments during prepara- 
tion of the manuscript. 

Permission for the use of material extracted from reference 1 
was granted by the Chief Scientist, Department of Supply, 
Australia. 


station » of flap inboard end 


ll 


n2 = station 7 of flap outboard end 

E = chordwise coordinate, x/26, 

2¢b = distance (aft of leading edge) of nodal line, torsional 
mode; € = (1/2)(1 + a) 

p = free-stream air density 

w = circular frequency 

r = factor multiplying coupling flutter coefficients (7 +k) 

Subscripts 

a = wing properties, measured about leading edge, due 
to incidence 

B = flap properties, measured about hinge line 

h = wing properties, measured at leading edge, due to 
vertical translation 

j = for the jth mode or row 

k = for the kth mode or column 

jk = for coupling between the jth and kth modes 

r = for the reference semichord (wing tip) 


= structural configurations 
of airplanes are today more and more influenced 
by aeroelastic and, in particular, flutter considerations, 
and the practicing aeroelastician may be called upon to 
exercise his talents along these lines, either in design 
preventive studies or, if success is not immediate, in 
remedial investigations. In either case, he is concerned 
with the general behavior of the fluttering system when 
subject to a wide variation of structural, geometrical, 
dynamic, and aerodynamic parameters. He has at his 
disposal to assist him in this estimate (short of elaborate 
and costly detailed calculations) such approximate 
guides as design criteria, statistical surveys, wind-tun- 
nel model results, and his experience. All such aids 
have as a common factor, either consciously or intui- 
tively, the principles of similarity. One additional aid, 
proposed here—that of configurational equivalence— 
demands only partial similarity and is offered in the 
belief that it represents a powerful means of obtaining 
qualitative or quantitative estimates of flutter behavior 
of configurations derived from a standard system whose 
characteristics are fully known. The concept of 
equivalence is a simple one and has been used with 
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success by the author! in a not generally available 
publication. It is here reported in rather more gener- 
ality and detail, and illustrated by reference to the 
binary flutter of a simplified three-dimensional wing- 
aileron system. In this example it is possible, through 
the equivalence concept, to demonstrate the stabilizing 
influence of the variation of such parameters as aileron 
span and position, wing nodal lines of symmetric and 
antisymmetric modes, aileron twisting modes, and of 
the spanwise position of control actuation. This by no 
means exhausts the possibilities of useful application 
to the estimate of flutter behavior of myriad other con- 
figurations based on the flutter calculations of a single 
configuration. 


EQUATIONS OF MOTION 


Consider first a fluttering system of m degrees of 
freedom described in terms of the nondimensional 
generalized coordinates q;, 7 = 1, 2, ...m. The equa- 
tions of motion are expressible in nondimensional form 
as the matrix equation 


[5x] = 0 (1) 


where the elements 6, of the » X m square matrix are 
written, by a simple generalization of the standard 
binary equations,” as 


= Ax + 1B x 
ay {1 — (1 + ig,v,2} + On (2) 


Here the flutter coefficients a are the generalized in- 
ertias, g are the modal structural damping coefficients, 
and Q are the generalized (aerodynamic) forces. Only 
the latter are functions of the reduced frequency k, 
which appears in the ratio Q = (k,/k,)?. The particular 
modal reduced frequency k, defines the ratio y; = 
(k;/ko)® where k; is the reduced frequency of the jth 
mode. Only when j = are g, 2, w considered mean- 
ingful and nonzero. The form (2) implies, then, com- 
plete absence of structural coupling which restricts the 
choice of the g; to normal modes, for example. 


DETERMINANTAL FLUTTER EQUATION 


The conditions (Q, g) pertaining to a critical flutter 
state follow immediately as the condition for nontrivial 
roots g; of Eq. (1). Thus 


= 0 (3) 
which upon expansion yields the characteristic poly- 
nomial stability equation. 

EQUIVALENT CONFIGURATIONS 


Let K;, k; be real constant, nonzero multiplying fac- 
tors applied to the determinant |6,,| so that K, multi- 
plies its jth row and k, its kth column. The derived 
determinant is, by an elementary rule of determinants, 


| 


|K K; Il k; 
= 0 (4) 
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by Eq. (3). The left-hand side of Eq. (4) pertains to 
the new equations of motion 


= 0 (5) 


where the gq; are the solutions of Eq. (1). We define as 
equivalent configurations the two systems represented 
by the two determinants in Eqs. (3) and (4), whose 
respective equations of motion are given by Eqs. (1) 
and (5). They are equivalent in the sense that the same 
flutter eigenvalues satisfy each of their characteristic 
equations.* Complete similarity is not attained, how- 
ever, because of the differing modal columns. This is 
here an irrelevant restriction. In application, the two 
systems have identical flutter frequencies and air speeds 
while the defect of modal amplitude disparity can, 
from the viewpoint of design stability, be accepted 
because prime interest is centered on the critical speed. 


EXISTENCE OF EQUIVALENCE 


We should inquire now as to whether the determinant 
of Eq. (4) does, in fact, correspond to a real physical 
system derivable from the initial system through the 
use of the factors K;, Ry. 

Let s;, 7 = 1, 2, ...w be the total number of system 
parameters so that 6;, = 6,(s:;). Apply to each param- 
eter s; the real parametric factor ¢; and ascribe to the 
resultant effective factor on 6; due to the single ¢; the 
symbol (C;,);. Then the overall resulting factor 7, on 
is 


Ty: (Cyx) t (6) 


and we observe that 
= = 1,2, (7) 


so that Eq. (7) defines a physically derived new system. 
It is equivalent to its parent, specified by 6;,(s;), accord- 
ing to Eq. (5) if the m? factors 7, are such that the 2n 
factors K; and k; satisfy 


w 


Kyky = (Cyx) (8) 


which is the restricting condition on the existence of 
equivalence. 

In order to illustrate in a specific way what this 
means, consider the system » = 2 in which 


61 die 
621 


and suppose any number of parametric changes are 
made so that each element 6;, of the stability determi- 
nant is effectively multiplied by a factor Ty. For 
equivalence to exist, these factors must be interpretable 
as products of row and column multipliers; thus 


Tu = Kyk,, Tx (8a) 
Tx = Tx = Koko 
* This concept is, as far as Eq. (5) is concerned, completely 
identical to the scaling procedures used in analog computing 
techniques to optimize numerical values of flutter coefficients. 
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which is a system of 4(=m?) nonlinear nonhomogeneous 
equations relating 4(= 2m) unknowns K;, k;. By 
appropriate elimination it is not difficult to show that 
these equations imply 


— = 0 (8b) 


This relation must be satisfied so that a solution can 
exist. It is also clear in this case that, of the four 
quantities K;, k;, one is arbitrarily disposable. 

To fix ideas more concretely, suppose that the four 
5, are all functions of two parameters 5), sz in such a 
way that Ty, = fix(si, se); then, from Eq. (8b) all 
systems are equivalent which satisfy the condition 


fir(s, Se) S2)for(s1, S2) = 0 (8c) 


which is simply a functional relation between s, and sz. 
An important particular case is given by fi(s1, se) = 1, 
and fi2(si, S2) = when 


52) — [fre(si, 52)]? = 0 (8d) 


A SPECIAL EQUIVALENT CONFIGURATION 


It is perhaps of little added value to generalize 
further, beyond noting that condition (8) cannot 
usually be met in all generality. Each system is best 
studied individually in terms of the analytic expressions 
for its flutter coefficients. It is frequently desirable in 
practice, however, to consider systems equivalent with 
respect to at most two system parameters, when w = 2, 
as just discussed for a binary system. In addition, it is 
not uncommon (in control surface flutter, for example) 
for these parameters to be restricted in Eq. (3) to a 
single pair of row and column, say the last, for which 
K; = Ky, ky = kn. Then, without restriction on w, 
for all elements 6,, for which 7, k~n 


Ty, = = 1 (9) 
satisfies condition (8); while for the mth row and column 
= = bi, = Kakn (10) 


If, in particular, = Tyn, k, then Ky, = Rk, = 
K,k, = «* which requires that the overall factors 
applied to all the coupling terms appropriate to the nth 
degree of freedom because of parametric variations be 
equal to the square root of the factor applied to the 
direct terms. This simple condition is analogous to 


that of Eq. (8d) above and is used in the sequel as an . 


illustration of the useful and comprehensive results 
which can be extracted from the equivalence concept. 
Attention is directed to the wing-aileron flutter problem 
in which the further simplification » = 2 is made so 
that the primary binary couplings of this type of flutter 
are considered. 


W1nG-AILERON FLUTTER 


In order to apply the equivalence condition, it is 
necessary to establish general expressions for the non- 
dimensional flutter coefficients a, Q of Eq. (2). A 
simple example which demonstrates with some realism 


the efficacy of the method is afforded by a spanwise 
uniform, rectangular wing carrying a flap of uniform 
spanwise properties. The generalized inertias a, and 
the corresponding generalized aerodynamic forces Qj 
are given in this case by 
Qj, = (1/2pb*) (Amb? — + + Ia] | 

F k dn 


f 


dpe = (1/2pb*) Ue] Fg dy 
and 


Qin = (4/8) + 255 + (Ma — La) — 
Mal 


ay = Ta] 


Qos = (x/8){—Te] 


in which the mass, moment, and inertia properties of 
the wing and the air force coefficients have their usual 
symbols. The symbols f;, F; Fg define nondimen- 
sional modal weighting functions for the jth wing mode 
and the aileron (8), and are related to the wing and 
aileron displacements by 


(ye 2bf;(y) ge’ 

a;(y)e" qe" ’ j 1, 2, 

B(y)e™ (13) 
m&n&m, (1/2)(1+e)<é<1 

The wing nodal line position is defined by the parameter 

thus 


6) = —fi/F; = (1 + a;)/2 (14) 


Expressions (13) and (14) imply no chordwise distortion 
and straight nodal lines. The flutter coefficients Q 
arising from the generalized forces are given on the 
basis of strip theory for simplicity, and beyond this 
assumption the actual form of the air forces, apart 
from the appearance of the functions f;, Fj, is of no 
significance here. 

We observe from expressions (11) and (12) that for 
any binary coupling, which includes the aileron mode 
Fg, the modal integrals appear significantly as factors 
in all flutter coefficients. Thus, for example, as and 
Q;; both contain as multiplier the integral f F;*dn; 


gj, Aja, Qg;, Qig all contain as multiplier the integral 


F;Fgdn; agg and Qgg both contain as multiplier 


the integral f F,*dn; so that all coefficients 78 and 
1 


8j have as factor an integral containing the modal 
function product F;Fs, whereas all direct aileron 
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Fic. 1. Coordinate system and notations. 


coefficients contain as factor an integral containing 
F,?. The system is ripe for equivalence; since any 
factor applied to the first integral as a result of a change 
in any of the parameters occurring therein need be 
related* to the factor G on the second integral because 
of the same changes only by the simple equality 


(15) 
A similar result obtains when the integrals containing 
F;? and F;Fg are considered as a pair, and, in this case, 
application of the equivalence condition leads to in- 
formation bearing more on the wing than the aileron. 
In order to exploit Eq. (15) in such a way as to both 
retain some reality and at the same time demonstrate 
readily the potency of the results accruing, some simple 
pure modes are chosen in analytic form. Both ‘‘flex- 
ural” and ‘‘torsional’”’ modes for symmetric and anti- 
symmetric oscillation are considered. 


WING FLEXURE: AILERON FLUTTER 


In this case the displacements of the binary system 
are described, from Eq. (13), only in terms of f and Fz 
because now a = F = OQ is required to restrict the wing 
motion to one of pure flexure. Consider, for example, 
the symmetric mode 


= (n? — — 23"), = 0 (16) 


where 7; is the distance from the wing centerline of the 
chordwise flexural nodal line, together with the aileron 


* Evidently from Eq. (2) the restriction exists that the modal 
reduced frequency kj (and*so aj) remain unaltered. Any para- 
metric variations made must be compatible with this requirement. 
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linear twisting mode 
F3(n) = ((B — A)n + Am — Bm]/(n2 — m) (17) 


where A, B are parametric nondimensional angles of 
twist at the aileron end-stations , m, respectively, 
For a nondeformingf flap, A = B = 1, and the flap 
mode is one of relative rotation only. Apart from these 
modal weighting functions, only the limits 7, and n2 of 
integration enter the Eq. (15). It is of interest to in- 
vestigate equivalence in terms of these limits which 
define the inboard and outboard spanwise stations of 
the aileron. We apply an arbitrary factor K, to the 
aileron span 72 — m and a second arbitrary factor K, 
to the parameter 7; + m2 which determines the aileron 
spanwise position. 

Using the modes (16) and (17) with A = B = 1, this 
process gives rise to the equivalence requirement, from 
Eq. (10), of 


K,? = V(1/Ki) + {V(/Ki) Kt} 0/3 + 
{1 V(1/K)}A (18) 


where new parameters are defined 


= {(m m)/(m + m)}?, 
A = {(2ms)/(m2 + m)}? (19) 


Any system having its aileron span and position defined 
in relation to the nodal line position (3) of the sym- 
metric bending mode by (19) is then completely identi- 
cal in flutter frequency and speed to any other system 
derived from the first by applying the factors Ki, K:, 
provided that the relation (18) is valid. 

Fig. 2 gives a graphical plot of the equivalence 
condition (18) for a nondeforming aileron (A = B = 1) 
for a range of values of the parameters 2 and A. By 


+ The flap is nondeforming in the sense that Fg is independent 
of the spanwise coordinate 7. The absolute flap deformation is 
rotation with sympathetic flap twist in accordance with the vari- 
ation F(n) (see Fig. 1). 
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Fic. 2(a), (b), and (c). Solutions for flutter equivalence for 
symmetric wing bending and nondeforming aileron in terms of 
wing node, aileron span, and aileron position. (d) Positioning of 
ailerons of differing span for a prescribed wing mode for bending- 
aileron flutter equivalence. 
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or 


of 


way of illustration, these are interpreted in Fig. 2(d) for 
a quarterspan aileron and a wing having a nodal line at 
the quarterspan station, 7; = 1/4. For such outboard 
aileron positions the flutter characteristics are evi- 
dently little affected by aileron span per se. Fig. 2(b), 
for example, for which A = 1 (the nodal line bisects the 
aileron), indicates that all other ailerons of whatever 
span have closely the same position for equivalence. 
This is certainly not so for outboard nodal lines (A = 
2), as evidenced by Fig. 2(c). 

In a similar manner, the antisymmetric flexural mode 


f(n) = n(n? — m?)/(1 — mo”), F(n) = 0 (20) 


leads to a condition for equivalence in terms of the same 
factors K, and K2; and where now », replaces 73 in (19) 


{V(1/Ki) — + {V(1/Ki) + 
{K, — V(1/Ki)}4 =0 (21) 


The relation (21) is graphed in Fig. 3 for = = 0, (1/2), 
1,and A = 0,1,2,4. Four examples of the application 
of these figures are given in Fig. 4 in which each set (a), 
(b), (c), (d) defines equivalent configurations for the 
given mode. In the case exemplified by 1, = 1/+/2 
[Fig. 4(c)], two discrete sets of equivalent systems are 
shown. It is of interest to note that, once again for 
extreme outboard positions of the aileron, the flutter 
behavior is virtually independent of aileron span per se 
for the values considered. We note also that an anti- 
symmetric wing bending mode offers the possibility of 
finding two spanwise positions of the same aileron for 
which equivalence holds. The effects of adding ex- 
ternal stores to wings can in this case be estimated 
because the wing mode is then characterized (for an 
outboard store, at least) by a nodal line nearer the tip 
than the root so that A becomes comparatively large. 


Torsion: AILERON FLUTTER 


The versatility of the equivalence concept is well 
illustrated by this simple type of binary flutter, and 
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Fic. 3. _Solutions for flutter equivalence for antisymmetric 
wing bending and nondeforming aileron in terms of wing node, 
aileron span, and aileron position. 
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Fic. 4. Antisymmetric wing bending-aileron flutter. Some 
examples of equivalent configurations for four prescribed wing 
modes when the aileron is nondeforming. 


results are presented which emphasize the role of aileron 
spanwise twist. As a simple wing mode, the form (22) 
is convenient 


F(n) = sin (nw/2), f = —§F (22) 


while the aileron mode (17) is again applicable. A 
general equivalence condition is simply deduced by 
allowing variations of all three aileron parameters— 
viz., K,, Ke, A (or B) where K, and Kz have the same 
meaning as before. The constants A, B define the end- 
rotations of the aileron linear twist so that B — A isa 
measure of the structural distortion of the control sur- 
face and A + B is a measure of its rigid body rotation 
due to defotmation of the control actuator system. 
Thus, in the event that A = 0, Fg(m) = 0, and Fg(n2) = 
B (which can be normalized to unity), the aileron mode 
simulates a control surface having irreversible actuation 
atitsinboardend. Similarly, B = 0, A = 1 represents 
irreversible actuation at the outboard end. 

If then we make only the restriction B = 1, the 
equivalence condition relates two systems character- 
ized, respectively, by the parameters A, 2 — m, 72 + m 
for the first, and A = 1, Ki(n2 — m), Ko(n2 + m) for the 
second. Equivalence is then satisfied, through Eq. 
(15), provided 


V3Ki{(A — 1) cos E-[cos D — 
(1/D) sin D] + (A + 1) sin D sin E} = 
2V A? + A + l-sin EK2sin DK, B=1 (23) 
where D = + (n2 = m)/4, E=fr (m + nz) /4. Several 


November 1958 ¢ Aero/Space Engineering 59 


‘) 
of 
Ap 
se 
of 
n- : 
of 
7 
2 
yn 
1S 
m 
m 
b 
) 
nt 
Is > 
i- 
‘| 
_| 
of 


AC 


— 


0 1 (1%) 
3(2+%) K, 


(Cc) (d) 


Fic. 5(a), (b), and (c). Solutions for flutter equivalence for 
wing torsion and nondeforming aileron for three prescribed 
aileron spans. Numbers against the curves are values of 
(1/2) (mn. + m). (d) Positioning of ailerons of differing span for 
wing torsion-aileron flutter equivalence. 


particular cases of this result are of interest and are 
briefly reviewed here: 

(a) A =1,B= 1. The aileron is now nontwisting, 
and equivalence is between systems of identical aileron 
mode, differing with respect to aileron span and its 
position on the wing. A simple solution in this case is 
found by substituting AK, = 2, m. = 1 in Eq. (23); 
whence K2(1 + m) = 1. It follows that a flap of any 
span placed at its extreme outboard position is always 
equivalent to a flap of twice the span placed with its 
midpoint at the midspan (root to tip) wing station. 
Other solutions for this condition are given graphically 
in Fig. 5, together with two examples of equivalent 
systems. To use these graphs, simply select the figure 
and curve appropriate to prescribed aileron span 
(nz — m) and position (1/2)(m, + m2); the abscissa then 
gives the position of an equivalent aileron of span 
determined by the ordinate K,. It may be generally 
concluded that flutter behavior is sensitive to aileron 
span and position, and that a large span inboard 
aileron can be made to be flutter stable, whereas a 
small span outboard aileron of the same control effec- 
tiveness may be unstable. 

(b) Ki = K, = 1, B = 1. The aileron span and 
position are considered invariant so that the analysis 
gives a direct indication of the effects of aileron twist. 
The solution for A for a given pair m, 72 and hence 
n2 — m, m + 2 is presented in Fig. 6 together with some 
samples of equivalent systems having different twisting 
modes. Thus, an aileron of prescribed span (n2 — m) 
and position (1/2)(m + 72) defines a point on one of the 
upper curves corresponding to a value A = A’. The 
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two systems having aileron modes Fs(A), A = 1, and 
A = A’ are equivalent; the first is an untwisted aileron 
while the latter is twisted, but both are of equal span 


and position. Fig. 5(c), for example, illustrates the case 
for = 1/2, = 0.90, whence A’ = 
In other words, a nontwisting half-span flap placed 
with its midpoint at 0.45 of the wing span has the same 
flutter speed and frequency as a flap with linear twist 
and inboard irreversible actuation of the same span and 
position. 

(c) A=0,B=1. The aileron has now irreversible 
actuation at its inboard end. Fig. 7(a) depicts solu- 
tions of Eq. (23) for a variety of aileron spans and posi- 
tions for the particular aileron mode for which A = 0, 
Three examples of equivalent systems derived from 
these solutions are given there also. Generally, it may 
be deduced that, when two equivalent configurations 
have the same aileron span (Ki = 1), the twisting flap 
is inboard (or outboard) of the nontwisting flap accord- 
ing to whether the former occupies an inboard (or out- 
board) position. An interesting corollary relates to the 
existence of a transitional configuration when the 
two systems differ only in regard to the flap mode. 

(d) A = 1, B = 0. An equivalence condition 
analogous to Eq. (23) can be set up for A = 1 and 
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Fic. 6. The effect of aileron twist on torsion-aileron flutter. 
(a) Solutions for equivalence of a nondeforming and a twisted 
aileron of the same span and position. (b) and (c) Four examples 
of equivalence, in which 1 is the aileron trailing-edge displace- 
ment of the untwisted surface and 2 is that of the equivalent 
twisting surface. 
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arbitrary B by replacing in (23) A by B and A — 1 by 
1 — B. Then, with B = 0 equivalence refers to an 
aileron with outboard irreversible actuation. Some 
derived solutions are given in Fig. 7(b). In this case 
the untwisted aileron always lies inboard of its equiva- 
jent deforming mate. The relevance of this result to 
flutter prevention will, if not already obvious, become 
clear upon the realization that for an untwisted aileron a 
powerfully stabilizing influence results’ from moving 
the aileron progressively inboard along the span. 


Thus, aileron twist proves to be advantageous for an 
outboard flap with actuation (irreversible) at its inboard 
end when considering a torsional mode. It is, however, 
deleterious when the same aileron is moved far inboard. 
Provision of irreversible operation at the outboard end 
of the aileron in conjunction with twist is, on the other 
hand, strongly stabilizing for all spanwise positions of 
the control surface, and the effect is the more marked 
the farther outboard the surface is placed. 


CONCLUSION 


It is clear that the equivalence concept has its 
optimum application in two fields—viz., design studies 
where comparative estimates of qualitative behavior 
are required and in remedial studies where it is neces- 
sary to discover optimum changes of parameters for a 
“standard” configuration whose flutter characteristics 
are quantitatively known. In this latter instance, once 
the system behavior is fully known in terms of para- 
metric variations of one configuration, so also are 
known, through the equivalence conditions, the charac- 
teristics of a whole host of other configurations.! 


The extension of the principle of equivalence to 
variations of other parameters, other modes, and other 
types of flutter is evident. 
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Fic. 7. The effect of aileron twist on torsion-aileron flutter for 
an aileron with actuation (a) inboard and (b) outboard. Solu- 
tions of the equivalence condition together with six examples, 
showing relative positions on the span and trailing-edge displace- 
ment for the rigid surface 7 and the twisting surface 2. 
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“‘Does it . . . make sense to continue to invest 

manpower and money in developing air-breathing engines 
at a lime when space flight has become 

our biggest challenge?” 


Air-Breathing 
Power Plants 
in the Space Era 


Peter G. Kappus 


General Electric Company 


- RussiaAN Sputniks have dra- 
matically presented the opening chapter of the Rocket 
Age. Time has justified the vision of men like Tsiol- 
kofsky, Oberth, and Goddard who fostered and kept 
alive the dream of rocket-powered space travel. It is 
only a question of time—perhaps less than we think— 
and national determination before the first man sets 
foot upon the moon and the planets. 

The rocket engine has been labeled the power plant 
of the future. If this is true, it is fair to ask, “‘Has not 
the rocket engine obsoleted air-breathing engines? 
Does it, therefore, make sense to continue to invest 
manpower and money in developing air-breathing en- 
gines at a time when space flight has become our big- 
gest challenge ?”’ 

In answering these questions, this study will show 
that the air-breathing power plant has not yet attained 
its optimum development and has not yet realized its 
maximum versatility as a power plant for civilian and 
military use. It will be shown that the air-breathing 
engine complements the rocket rather than competes 
with it. 


. GENERAL GROWTH TRENDS 


Turbojets struggled through a frustrating period of 
growing pains in the late 1930’s and finally emerged 


Condensed and revised from a paper entitled “The Future of 
Air-Breathing Power Plants’’ presented before the IAS Niagara 
Frontier Section, Buffalo, N.Y., May 14, 1958. 

Mr. Kappus is Manager, New Product Planning, Flight Pro- 
pulsion Laboratory Department, Aircraft Gas Turbine Division. 
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Fic. 5. AIR-BREATHING BOOST 
Artist’s view of an air-breathing boost vehicle launching a 
satellite. The recoverable boost unit returns to its base and is 
fully reusabie. 


from World War II as powerful new contenders in the 
widening spectrum of propulsion devices. The tech- 
nology of air-breathers is expected to advance for 
about 10 more years and then enter into a static period 
of steady production and minor refinements. Most 
important is the fact that major progress will continue 
to be made in the direction of low-cost mass production 
which will lead to extensive use of gas-turbine power by 
military and private users. 


REVIEW OF EXISTING AIR-BREATHERS 


The Turbojet 


To set the stage, let us quickly review the air- 
breathing gas-turbine engine types that today have 
reached operational status. First, there is the straight- 
forward turbojet engine of light weight and high ef- 
ficiency that has proved so successful in powering a 
variety of military and commercial aircraft and mis- 
siles. The addition of an afterburner has given this 
engine a boost of additional power which permits 
speeds higher than twice that of sound. 


The Turboprop 


The turboprop has unique advantages in cruise ef- 
ficiency and take-off characteristics which make it an 
excellent work horse for long- and short-range hauling 
jobs where speed is of secondary importance. 

We shall now take a look into the near future and see 
what new air-breathing engine types will be developed 
before this engine reaches full maturity. 
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New DEVELOPMENTS 


The Turbofan—the Ideal Logistics Engine at Subsonic 
Speeds 
To Rolls-Royce goes the credit for having brought 
the first turbofan-type engine to operational maturity. 
Manufacturers in the United States are currently intro- 


_ ducing turbofans of excellent performance. The turbo- 


fan requires extremely high component efficiencies and 
is more complex to develop than the turbojet. Until 
recently the turbofan took a back seat to the turbojet, 
but the day is not far off when the turbofan will largely 
replace the turbojet as the ideal logistics engine at 
subsonic speeds, for the following reasons: greater 
propulsive efficiency, higher take-off thrust, and lower 
noise level. 

The real limitation of the turbojet is determined by 
its propulsive efficiency, which is a function of the ratio 
of jet velocity to flight speed. Any increase in internal 
efficiency of the engine will lead to higher jet velocity 
since this is the only output of the turbojet. These 
higher jet velocities lower the engine’s propulsive ef- 
ficiency. Here is the paradox of the turbojet—as 
components are improved higher jet velocities are at- 
tained, but part of the gain in component efficiency is 
lost again through lower propulsive efficiency. 

The paradox of the turbojet is answered by the 
turbofan. Propulsive efficiency is not reduced as 
internal components are improved because jet velocities 
can be kept constant. The by-pass ratio can be in- 
creased by passing more air through the fan, resulting 
in constant propulsive efficiency. The result is a gain 
in thrust and specific fuel consumption in direct pro- 
portion to component improvements. 

Another highly desirable factor is the higher take-off 
thrust of the turbofan which offers outstanding ad- 
vantages over the turbojet. In existing aircraft, 
higher take-off thrust will markedly improve take-off 
runs, permitting shorter runways. In aircraft de- 
signed for the turbofan, the new engine will permit 
higher wing loadings, thus making possible greater 
payloads and increased operating economy. 

The advantages of reducing jet noise are self-evident. 

Combining the advantages of both its parents—the 
simple fast turbojet and the economic turboprop— 


the turbofan promises to be the ideal engine for sub- 


sonic transports and logistics carriers. 


The VTOL Engine 


The vertical take-off and landing engine is an in- 
triguing newcomer in our air-breathing engine family. 
The VTOL engine is ideal for dispersion and air mobility 
requirements of military aircraft. It will be applied to 
winged or platform types—i.e., the Army’s flying jeep, 
to short-range trunk airliners operating directly be- 
tween city centers, and ultimately to the family’s flying 
automobile. This new kind of engine is specifically 
developed to increase the operational flexibility of air- 
craft by reducing their dependence on costly runways. 


Ryan, Convair, and Bell, to mention a few in this 
country, have already used existing light gas-turbine 
engines to prove that VTOL is a practical proposition. 
No specific VTOL engines have been marketed, but 
development work is being pushed. 

Why are new engine types needed after off-the-shelf 
equipment has already demonstrated VTOL capabili- 
ties? Why can’t existing jet engines be made lighter 
until they are good enough for VTOL? This approach 
is being used successfully for a number of applications. 
But there are other important considerations—such 
as high payload and hovering with economic fuel con- 
sumption—that demand new design concepts. In 
many cases it would be awkward to use large numbers 
of small lightweight engines to power larger aircraft. 

What special characteristics does a good VTOL 
engine need? The VTOL engine must provide lift in a 
vertical direction and thrust in a horizontal direction. 
This output must be produced in the right relative 
magnitude. The engine must be lightweight and ex- 
tremely reliable, need little maintenance, and have no 
severe speed limitation. It must be able to compete 
economically with the helicopter and other more con- 
ventional aircraft. This is a tall order and one that 
existing power plants cannot satisfy. 

Why does a VTOL engine need such widely varying 
thrust characteristics? Fig. 1 shows what happens to 
lift, thrust, weight, and drag of a VTOL aircraft dur- 
ing its operation. The typical VTOL transport air- 
craft has two distinct operating phases, each with 
unique requirements. There is the take-off and landing 
phase, with speeds too low for the wings to support the 
weight. Here the engine must produce lift somewhat 
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Fic. 1. VTOL THRUST REQUIREMENTS 
Shows how speed affects lift, thrust, weight, and drag charac- 
teristics of VTOL aircraft which have two distinct phases of 
operation—phase one, thrust supported during take-off and 
landing; and phase two, wing supported, after accelerating 
through stalling speed. 
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Fic. 2. VTOL PROPULSION SYSTEM 


Schematic view of convertible VTOL engines installed in the 
wing of a VTOL aircraft. The fan takes in air on the top side 
of the wing and ejects it through control shutters on the under- 
side. 


higher than the total gross weight of the aircraft. A 
forward component for acceleration is obtained through 
lift vector deflection in the required direction. After 
accelerating through stalling speed, the aircraft enters 
the second phase with forward speeds ranging through 
cruise up to maximum speed. Here wings can support 
the full weight. During this second phase, the engine 
produces no lift but only horizontal thrust of the mag- 
nitude needed to reach the economic cruise speed and 
maximum speeds desired. 

Here now is the real problem. At take-off, the lift 
must be somewhat higher than aircraft weight; at 
cruise conditions, only a small fraction of the weight is 
needed in the form of thrust. And yet, this engine 
must produce these widely differing output levels at 
good efficiencies. 

Here is one way to satisfy these requirements. 
Future VTOL aircraft may be powered by an ex- 
tremely lightweight turbojet engine, sized for ade- 
quate cruise speed at the modest altitude preferred in 
some typical VTOL applications. This same turbojet 
engine now performs a dual rule. In hovering flight 
during take-off and landing, as well as during accelera- 
tion to stall speed, the jet nozzle is closed. The hot, 
high-pressure gases are ducted into a turbine of new 
design. Its buckets are mounted around the circum- 
ference of a fan. The whole unit is located in a duct 
inside the wing of the aircraft. This fan takes in air 
on the top side of the wing and ejects it through control 
shutters on the underside (Fig. 2). There are other 
drive arrangements possible, such as the more conven- 
tional shaft and gear. 

The goal is to develop a complete power package of 
minimum mechanical complexity for which the air- 
frame designer has only to provide a sizable hole in the 
wing. Gone will be problems connected with tilting 
wings, tilting engines, slipstream deflectors, and a host 
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of other devices that invariably result from use of stand- 
ard engines in VTOL aircraft. Decisive progress in 
VTOL aircraft will be made possible by specially de- 
signed engines needed for this unique application. 


High Mach Engines 


There are three distinct operating limits for air- 
breathers which restrict the ambient conditions under 
which they can be used. 

First there is an altitude limit beyond which combus- 
tion cannot be maintained at good efficiency because of 
reduced air density. This altitude limitation occurs at 
increasing heights as flight speeds are increased. 

Then there is a speed limitation due to the air pres- 
sure inside the engine. At any given altitude we cannot 
travel faster than a specified maximum without exceed- 
ing structural limitations of the engine (and airframe) 
components. 

Finally, the thermal thicket, which is a function of 
Mach Number, places a third limiting factor on air- 
breathers. At high Mach Numbers, the ram tempera- 
ture of the air becomes higher than the materials in 
the airframe and engine can stand. This Mach limit 
has been going up steadily during the last few years of 
turbojet development. 

Today engine manufacturers agree that a Mach 4, 
self-accelerating, turbine-type power plant can be 
developed with turbine inlet temperatures below 2,000° 
F. Temperature problems associated with these en- 
gines can be met successfully. 

Inlet and nozzle design constitutes a major problem 
in developing high Mach turbomachinery. At low 
Mach Numbers, engine frontal area is larger than the 
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2 4 
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Fic. 3. THRUST AND DRAG CHARACTERISTICS 
Shows the relationship between thrust and Mach Number in 


high- and low-flow design engines. In a high-flow engine, thrust 
increases faster than the drag of a given airframe. 
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diameter of inlet duct and nozzle exits. As a result, 
the engine frontal area is the decisive drag-producing 
factor. 

At high Mach Numbers the ram effect compresses the 
air before it enters the engine. In these high Mach 
engines, the inlet capture area exceeds the diameter 
of the frontal area, thus eliminating compressor diame- 
ter as a drag-producing factor. The nozzle now becomes 
the largest and heaviest part of the engine and con- 
stitutes a major design problem. The nozzle must be 
able to withstand the extreme reheat temperatures, and 
it must have the variable geometry required to operate 
efficiently over the wide speed range from static condi- 
tions to maximum Mach Number. 

High Mach engines with speed capabilities as high 
as Mach 4.0 have an interesting characteristic which is 
illustrated in Fig. 3. The graph shows the relationship 
between thrust and Mach Number in high- and low- 
flow design engines. It can be seen that, in a high-flow 
design, the thrust level increases rapidly with Mach 
Number in a fascinating bootstrap operation. As 
Mach Number increases, ram pressure goes up forcing 
an increasing air weight flow through the engine. 
If the engine inlet duct and nozzle are designed for 
maximum airflow at high Mach Numbers, the thrust 
increases faster than the drag of a given airframe. 
Maximum speed in this case is governed not by the 
engine’s ability to produce enough thrust but rather 
by its ability to withstand the high thermal stress at 
the limiting Mach Number. 

It is the thrust-Mach Number relationship that the 
designer can shape to match the airframe requirements. 

Fig. 3 also shows that a low-flow engine, equipped 
with a smaller inlet and nozzle, does not produce so 
high a thrust level at high Mach Numbers. The en- 
gine offers lighter inlet design and a simpler jet nozzle 
with less need for variable geometry in these com- 
ponents. The low-flow engine has characteristics well 
matched to high Mach cruise aircraft; the high-flow 
engine best satisfies requirements for high thrust 
levels at high Mach Numbers. 


The Air-Breathing Boost Engine 


The air-breathing boost engine is a specially de- 
signed high Mach engine that can serve as a first- 


stage boost engine for rocket-powered, hypersonic, . 


ballistic, or orbital vehicles. If recoverable air-breath- 
ing boost systems are developed to full maturity, they 
may well prove to be a boon to orbital and space sys- 
tems of the future by solving some of the pressing 
problems of economical operation. 

The air-breathing boost has compelling advantages 
that demand attention. Three words—reliability, 
mobility, recoverability—sum up the advantages of 
the air-breathing boost. Before examining these ad- 
vantages, one point remains to be discussed. 

It is common knowledge that the turbojet rapidly 
loses thrust at high altitudes because of lack of air 
pressure. Fig. 4 sums up the argument for air-breath- 


ALTITUDE 


Fic. 4. HIGH MACH THRUST CHARACTERISTICS 


A plot of thrust over altitude for a typical high Mach engine 
with temperature and pressure limits shown. If the vehicle 
accelerates rapidly enough during a climb, it can use ram pres- 
sure to compensate for losses in ambient pressure, thereby main- 
taining thrust levels at close to the take-off rating over a wide 
range of altitude. 


ing boosts. The chart shows thrust of a typical high 
Mach air-breather plotted over altitude, with tempera- 
ture and pressure limits indicated. 

At a given Mach Number, thrust decreases rapidly 
with increase in altitude. However, if the vehicle 
accelerates rapidly enough during a climb to make up 
for the loss in ambient pressure by ram pressure, the 
thrust level can be maintained at close to the take-off 
rating over a remarkable range of altitudes. As en- 
gines having capabilities of Mach 4 or more are built 
with high ram recovery inlets, vast supplies of at- 
mospheric oxygen become available to burn booster 
fuels. The result—boost power plants with 1,500 sec. 
of specific impulse burning a cheap and nontoxic 
propellant as compared with the rocket’s 250 to 300 
sec. of specific impulse with fancy, expensive rocket 
propellants. The rocket, of course, remains unchal- 
lenged as the ideal power plant for stages operating at 
extremely high speeds outside of our atmosphere. 

Now, what about the three outstanding advantages 
of the air-breathing boost—reliability, mobility, and 
recoverability. 

Reliability—The state of the art of turbojets is well 
advanced, while rocketry is a comparatively young art. 
Operational problems associated with the rocket are far 
more complex than those associated with the turbojet. 

Mobility—The air-breathing boost system can be 
ferried from site to site under its own power and is not 
dependent upon auxiliary means of transportation 
such as trucking or airlift. 

Recoverability—The air-breathing boost vehicle has 
low fuel consumption. Lift-producing wings can be 
(Continued on page 69) 
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The durability of some modern devices 
—e.g., appendages of rocket engines— 


an empirical basis for a rational approach to the problem, 
however, can be made. 


—_ ARE SOME modern devices, 
such as certain appurtenances of rocket engines, which 
are subjected to such high thermal or other stresses that 
their durability or length of effective life is often a 
matter of a few hours. In the present state of art 
such devices are often very unreliable. For these de- 
vices, trustworthy estimates of durability are of prime 
importance. 

The durability of a given piece of equipment may 
depend almost entirely on the magnitudes of certain 
measurable stresses. In general, this dependence is 
so complex as to forbid rational analysis. However, 
an empirical or experimental basis for such an analysis 
can be made. It is the purpose of the present paper to 
present some ideas in this direction. 

When a piece of equipment is manufactured in ac- 
cordance with a system of close quality control, it 
would be possible to determine by experimental tests 
highly reliable values of its durability under a continued 
application of the relevant stresses, kept constant 
throughout each test. For instance, suppose that the 
durability of an automobile tire when running over a 
road of uniform quality was a function only of its 
velocity. Tests could be made to determine the dur- 
ability under various constant speeds—e.g., the dur- 
ability under a constant speed of 30 miles per hour. 
One can thus have an adequately large number of 
values of the durability corresponding to each set of 
values of the relevant stresses. From these data one 
could obtain an empirical formula expressing the dur- 
ability in terms of the magnitudes of these constant 
stresses. For instance, if there are only two relevant 
stresses, then the formula in question would be of the 
form L = f(x, y), where Z is the durability in hours 
and x and y are the values of the constant stresses. 


Dr. Toralballa is Associate Professor of Mathematics, College 
of Engineering. 
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depends on complex factors which forbid rational analysis; 


Durability Under Varying Stress 


Leopoldo V. Toralballa 
New York University 


On the basis of such a formula, one can calculate the 
durability of the given piece of equipment under condi- 
tions where the magnitudes of the stresses vary con- 
tinuously. This could be of importance in view of the 
fact that under actual operation (as distinct from a 
test operation) these stresses often vary and, indeed, 
vary continuously. It is true that at some testing 
plants one can perform a test with the stresses varying 
throughout the test period, but the resulting figure for 
the durability refers only to the particular time func- 
tion of the stresses concerned. It would not be di- 
rectly useful under a different time function. 

Naturally, in order to carry out this analysis one needs 
to know, for any given case, just how these stresses 
varied with time. The reliability of the final deter- 
mination will also depend upon just how adequately 
the formula giving the durability in terms of the mag- 
nitudes of the constant stresses represents the true rela- 
tion between these quantities. 

In the present paper, we wish to indicate the theory 
underlying the functional analysis. In a later paper 
we hope to consider the statistical aspects of the theory. 


THE DISCRETE CASE 


As this is of minor importance, we shall restrict our- 
selves to considerations of a single stress. As indi- 
cated in Fig. 1, Z; is the durability in hours under the 
constant stress x1; L2 is the durability under the con- 
stant stress Xe, etc. 

Let the material be subjected to the stress of magni- 
tude 2; for /; hours, 1; < Li. It is then immediately 
subjected to the stress of magnitude x2 for /, hours. 
It is then immediately subjected to the stress of magni- 
tude x; for /; hours. This process is continued up to 


the time the material is subjected to the stress of magni- 
tude x,, until it fails to function effectively. The prob- 
lem is to find the total durability or length of life of 
the piece of equipment involved. 
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After the piece of equipment has been subjected to 
the stress x, for /, hours, it is a fatigued material. We 
make the plausible engineering assumption that the 
total number of hours it can stand under the stress 
xo, applied immediately, is 


(Li — = [1 — (h/L1))Le 


It is, however, subjected to the stress x2 for only /. 
hours. Then, the total number of hours it can stand 
under the stress x3 is 


(Li — — ( ) 


After /; hours under the stress x3, it is immediately 
subjected to the stress x. The total number of hours 
it can stand under the stress x, is 


(1 — — 


— 
Ll, = 
L 


ls 
( 


It is obvious that the total number of hours that the 
material can stand under the final stress x, is 


[1 — (h/Zi) — — — 
Hence the total durability under the above treatment 
is 
— G/) - 
(I2/Le) — ... — (Ins/ZLn-1) Zn hours 


THE CONTINUOUS CASE 


We shall first consider the case where the material is 
subjected to only one stress (Fig. 2). 

Let the material be subjected to a continuously vary- 
ing stress whose magnitude x is given by the differen- 
tiable function F(t), where ¢ is the time in hours. Let 
the durability of the material in hours, corresponding 
to the stress of magnitude x, constantly applied, be 
denoted by f(x). 

Let the initial value of the stress be xo and its final 
value, xr. Divide the interval between xo and x7 into 
n equal parts Ax. We first subject the material to the 
stress xo for At hours. 


x = F(t), Ax = F’()At, At = [Ax/F’(d)] 
The remaining life at stress x is then 
(x0) — [Ax/F'(t)] = f(xo) — [Ax/F'(0)] 


The material is now immediately subjected to the 
stress x} = Xo + Ax. Just as in the discrete case, we 
assume here that the total number of hours which the 
material can stand under the stress x; is 


— [Ax/F' (to) ] 
We keep the material under the stress x; for only 


At = [Ax/F’(t,)]. We then subject it immediately to 
the stress x2, and continue the indicated process. 


F(x1) 


Let the total number of hours that the material can 
stand under the final stress xr be designated by L(Ax). 
It is, obviously, a function of Av. We define R, the 
residual life, to be the limit as Ax approaches zero of 
L(Ax). 

One may calculate the above limit directly from 
successive expressions of the type illustrated above. 
However, it is easier to evaluate this limit by use of the 
corresponding differential equation. We now derive 
this equation. 

Let the material be subjected to the continuously 
varying stress x = F(t). Let / be the total available 
life at the stress x. Of this we use up only At = 
[Ax/F’(t)] hours. The remaining life at stress x is, 
then, / — [Ax/F’(#)]. Then the total available life 
at stress x + Ax is 


1 — [Ax/F’(t)] 
F(x) f(x + Ax) 


This thenis/-+ A]. Hence 
— [Ax/F’(t)] 


Al 


f(x + Ax) -l= 


— [Ax/F'()] 
(f+ af) 


Al/Ax = (I/f) (Af/Ax) — [1/F"()] — [Af/F'(t) -f(x)] 


Hence 


dl/dx = [I/f(x)] { [df(x)]/dx} — [1/F'@)] 


and 
didx _ 1 df(x)dv _ _ 
dx dt f(x) dx dt  F'(t) dt dt 
Tu 
2 
STRESS 
Fic. 1 
% 
ax 


Fic. 2. 
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This is a linear equation and its solution is given by 


le =— f e +c 
— Inf[F(@) — In f[F(@)] 
le =— f e dt+ec 
Ki/f[F) = —S{dt/f[F@)} 


When ¢ = 0, / = f(x), so f(xo) = —f(xo) (0 + C). 
Hence C = —1. Finally, we have 


If T is the terminal value of ¢, then the total residual 
lifeatt = Tis 


Whether the material can last through the whole 


T 
stress course or not depends upon the value of f {dt+ 
0 
If { dt/f (F(t) ]} < 1, then the material will last 
0 


T 

through the course. If, on the other hand, f \ dt+ 
0 

f[F()]} > 1, then the material will cease to function 


T 
effectively before the timet = T. If f {dt/f[F(t)]} = 
0 


1, then the material will just reach the end of the course. 

In the understanding that if the material should sur- 
vive beyond T hours, it should remain under the hence- 
forward unvarying stress x7, the total life or durability 
is given by 


T + f[F(T)] (1 hours 


This expression also gives the total durability in the 
case that the material fails to function effectively after 
exactly T hours. 

It is more instructive to consider the case where 
there is no specified terminal value 7 of ¢. In this 
case, the material is subjected to the continuously vary- 
ing stress x = F(t) until it ceases to function effectively. 
If A denotes the total durability in hours, then h is 
given by the equation 


h 


In the foregoing analysis we made essential use of the 
physical assumption that the total available life at the 
stress x + Av is equal to the ratio of the remaining life 
at stress x after the material was subjected to stress x 
for At hours to the total life corresponding to the 
stress x, all multiplied by. the total life corresponding 
to the stress (x + Ax), or in symbols, 


68 Aero/Space Engineering November 1958 


— [Ax/F'()] 
[ f(x)] 
As some readers may object to this physical assump- 


tion, we shall show that it is equivalent to certain 
mathematical assumptions. Let 


1+ Al = 


f(x + Ax) 


— [Ax/F’(t)] 
1+ Al = f(x + Ax)(x, Ax) 


where ¢(x, Ax) is the appropriate ‘‘bugger’’ function of 
x and Ax. 


— [Ax/F'())) 


1+ Al = Fx) (f + Af)d(x, Ax) 
Al = — 1) + [(/4f-6)/f] — 
[Ax/F’(t)] 6 — 
Al/Ax = [I(@ — 1)/Ax] + 1/f) (Af/Ax) — 


(1/F'()] — leaf 


We now make the following three mathematical 
assumptions: 

(1) For any x, the function ¢(x«, Ax) is a continuous 
function of Av, i.e., there exists a function w(x) such 
that lim ¢(x, Ax) = w(x). 

Ax—>0 


(2) f(x) is a differentiable function of x at every 
value of x. 

(3) lis a differentiable function of x at every value 
of x. 

Inspection of the above equation for Al/Ax shows 
that the above assumptions imply tint (¢-—1)= 


0, or lim ¢(x, Ax) = 1, for every value of x. 
Ax—>0 


This shows that in the incremental equation we may 
altogether omit the ‘‘bugger’’ function—i.e., assume it 
to be always equal to unity. 


Two Stresses 


We shall now consider the case when the piece of 
equipment is subjected to two different stresses. Let 
the durability of the material, in hours, corresponding 
to the stresses of respective magnitudes x and y, con- 
stantly applied, be denoted by f(x, y). Let the rela- 
tions between these stresses and time be denoted by 
the continuous functions F(t) and G(#). Thus, x = 
F(t) and y = G(t). 

Since x and y are both functions of the time, ¢, it 
follows that y is a function of x. This case, then, re- 
duces to the previous one with f[F(t)| replaced by 

We thus have 


T 
T + cone {dt/f[F(), con) 


as the expression for the total durability, when either 
the material fails to function just as ¢ = T, or, if it 
reaches ¢ = T, it is subjected continuously to the final 
stresses corresponding to t = 7 for the remainder of its 
effective life. 
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We also have { dt/f{F(t), G(t)]} = 1 as the ex- 


pression giving the total length of effective life under 
the condition that the material is subjected con- 
tinuously to the variable stresses x = F(t) and y = G(?) 
for as long as this effective life endures. 


The generalization to any finite number of stresses 
is obvious. 


AN EXAMPLE 


For purposes of illustration we shall take up the 
following more or less idealized problem (Fig. 3). 


Consider a rocket whose space displacement equa- 
tions are 


= 1,500(1-—e°") and y= 
1,000(1 — e~°") — 


in which fis in hours, and x and y arein miles. Assume 
that the only stress which is relevant to its durability 
is that induced by the atmospheric pressure. 


Assume that the atmospheric pressure is a function 
only of the elevation and let the functional relation be 
given by p = 29e~°*”, where y is in miles and ? is in 
inches of mercury. - 


Assume further that the relation between durability 
and static pressure is given by L = In40 —Inp. We 
first determine Setting y = 1,000(1 — — 
50t = 0 we find that T = 16 hours. 


Air-Breathing Power Plants (Continued from page 65) 


Fic. 3. 


p = — 500(1 —e—%-1¢) 


In 40 — In — 500(1 — 
0.322 — 25 + 500 — 500e~*" 
500.322 — 25t — 500e~™ 


To determine whether or not the rocket will last the 
whole course—i.e., reach the point A—we have to 
evaluate the following integral. 


L 


16 
0 


If @ < 1, the rocket will last the whole course. Ifg>1, 
the rocket will not last the whole course—i.e., it will 
cease to function effectively before the required T = 
16 hours. 

One notices that the integrand is positive throughout 
the range. The value of the integral is between 0.2 
and 5. The actual value may be found by any of the 
methods of numerical integration, such as Simpson’s 
method. 


+ 


used to enable the vehicle to glide back home and 
to land like a conventional aircraft or, in special 
cases, in a vertical attitude like a tail-sitting VTOL 
vehicle. Impressive cost-savings are made possible 
through the use of a recoverable first-stage boost 
for space operations. No longer is it necessary to rely 
on a ‘“‘one-shot’’ boost system; the air-breathing boost 
vehicle can be used over and over again. This is par- 
ticularly significant when space construction projects 


are contemplated. These projects will require hundreds — 


of supply ships to take building material into orbit. 
Savings accruing from the use of recoverable boost 
vehicles can be invested in areas of longer term value, 
such as more elaborate space stations. 

The all-out space race that we are now engaged in 
will place a severe tax on our economic system. The 
teliability, mobility, and recoverability advantages of 
air-breathing boost mean that this boost system can 
make a necessary contribution to reducing the costs of 
this race. 

Air-breathing boost systems will not become opera- 
tional in the immediate future. Substantial efforts by 


engine and airframe designers are required to eliminate 
every possible ounce of dead weight from the vehicle 
and its engine. But the day is in sight when an air- 
breathing boost vehicle will send off a satellite as visual- 
ized in Fig. 5 (see p. 62). 


CONCLUSIONS 


The optimum potential of the air-breathing engine 
has not yet been realized. In the future the air- 
breathing engine will provide increasingly efficient 
logistical support; it will free us from the need for 
acres of runway and open up an entirely new era of 
mobility for the Armed Services, commercial operators, 
and ultimately for the individual. Finally, it will serve 
future space systems as an initial stepping stone, com- 
plementing the rocket and other advanced propulsion 
systems rather than competing with them. The air- 
breathing boost system will represent an optimized first- 
stage launching method that will provide a sound eco- 
nomic basis for man’s next great adventure—the con- 
quest of space. 
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J. G. McCracken 
Chance Vought Aircraft, Inc. 


= THE INCEPTION of automatic 
flight control systems for aircraft, the displacement 
gyroscope has served as one of the principal sensing 
devices for providing a control system reference. This 
is true because of its characteristic of maintaining a 
near fixed orientation in space. Thus, three gyro- 
scopes properly located can measure the deviations of 
a body from an initial orientation of its three axes. 
By providing control power about these axes, the body 
can be controlled and stabilized. In the case of an air- 
craft these controls are generally the elevator, the 
aileron, and the rudder. 

Because the gyro system remains fixed in space 
while the axes of the aircraft rotate with the maneuver- 
ing aircraft, the gyros cannot measure the amount of 
rotation about the aircraft axes accurately, except in 
the case of small deviations from the reference posi- 
tion. For this reason, the inaccuracies of the gyro 
measurements should not seriously affect aircraft 
which do not maneuver violently. However, we must 
find out what are the effects of these inaccuracies on 
present day high performance aircraft. 

This paper generally describes the characteristics 
of the gyros as a function of flight geometry, showing 
how the outputs of the gyros are influenced by flight 
attitudes. This influence of attitude on gyro outputs 
is sometimes referred to as “gyro coupling.’”’ Further- 
more, some of the effects of gyro coupling on the stabil- 
ization and control of aircraft are illustrated and dis- 
cussed. Finally, some possible remedies for the prob- 
lems caused by gyro coupling are described and dis- 
cussed. 


DISCUSSION OF GYROSCOPE MEASUREMENTS 


The principle of the gyroscope is well known. It is 
of interest, however, to examine the gyro outputs in 


The author is a Lead Weapons System Engineer. 
This paper was presenfed at the IAS Midwestern Meeting on 
Guided Missiles, May 12-14, 1958, at St. Louis, Mo. 
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Effects of Gyroscopic Cross Coupling on 


Missile Automatic Flight Control Systems 


Gyro coupling can have a definite detrimental effect 
on the stability of a missile during maneuvers 
in which the missile departs from steady level flight. 


SYMBOLS 
C; = rolling moment coefficient, rolling moment/gsb 
Cm = pitching moment coefficient, pitching moment/gsc 
C, = yawing moment coefficient, yawing moment/gsb 
Cr, = lift coefficient, lift/gs 
C, = side-force coefficient, side force/gs 
b = wingspan, ft. 
c¢ = reference moment arm in pitch 
m = mass, slugs/cu.ft. 
Ss = operator, d/dt 
I = moment and/or product of inertia, slug—ft.sq. 
S = reference wing area, sq.ft. 
V = velocity, ft./sec. 
W = weight, lbs. 
a = angle of attack of missile, rad. 
8 = angle of sideslip of missile, rad. 
Subscripts 
a = rate of change with respect to a 
8 = rate of change with respect to 6 
6. = rate of change with respect to 6, 
6. = rate of change with respect to 6, 
6, = rate of change with respect to 6, 
xx = with respect to x body axis 
yy = with respect to y body axis 
zz = with respect to z body axis 
xz = with respect to xz plane 


terms of the familiar flight angles. In utilizing a dis- 
placement gyro, the spinning mass is mounted in the 
airframe in such a way as to allow unrestricted move- 
ment of the airframe without creating torques on the 
axis of the spinning mass. This is usually accomplished 
by mounting the spin axis in a system of two mutually 
perpendicular frames, referred to as gimbals. The spin 
axis of the gyroscope is mounted in bearings on the 
inner gimbal. The inner gimbal, in turn, is mounted 
in two bearings on tlie outer gimbal forming an axis 
of rotation, which is perpendicular to the axis of the 
spinning mass. Finally, the outer gimbal is mounted 
in two bearings attached to the airframe forming 
an axis of rotation perpendicular to the axis of the inner 
gimbal. The orientation of the spin axis is changed by 
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applying a torque to a gimbal axis causing precession. 
Gyros have several such torque motors to align and 
precess the spin axis and gimbals. 

The angular deviation of the airframe about the 
outer gimbal axis (gyro error) can be sensed by a volt- 
age synchro, the rotor of which may be attached to 
the outer gimbal axis and the stator to the airframe. 
Bias signals can be combined with the synchro output 
to achieve input commands. 

To describe the outputs of gyros, an axis system must 
be defined. The rate of change of the aircraft’s atti- 
tude can be related using a set of Euler axes! and Euler 
angles given by the sequence of rotation of yaw, pitch, 
and roll 


¢=p+(qsing+rcos ¢)é roll (1) 
6=qceosg—rsine pitch (2) 
¥=rcose+qsing yaw (3) 


where p, g, and r are the instantaneous rates of rota- 
tion of the airframe about the conventional x, y, and 
zaxes. 

Gyroscopes can be used to measure components of 
these Euler angles (y, 6, y). In order to do this, the 
gyros can be mounted in a variety of orientations. It 
is sufficient for illustration to consider here only one 
popular orientation. To measure pitch angle, 0, the 
spin axis is mounted vertically and the outer gimbal 
axis athwartship. To measure roll angle, », the spin 
axis is again mounted vertically with the outer gimbal 
axis mounted fore and aft. To measure yaw, y, the 
spin axis is mounted athwartship, the outer gimbal 
axis being mounted vertically. It is shown in refer- 
ence 2 that this orientation results in the following 
gyroscopic outputs (given in units of rate of change). 


RGE =p+(qsing+rcos rollgyroerror (4) 
PGE = q+ (p PGE — r)tan ¢ pitch gyroerror (5) 


YGE =r + (p YGE + q)tan ¢’ — ¥, yaw gyro error 
(6) 


angle between spin axis and plane of wings. 
¢ if spin axis is not erected to plane of wings. 
Precession rate is commanded turn rate, y¥,. 

It is significant to note here the effect of both bank 
and pitch angles on the gyroscope readings. If the 
roll and pitch angles are small, the roll gyro measures 
roll angle (note: it always does) and the pitch gyro 
measures mostly true pitch rate, and the yaw gyro 
measures mostly true rate, 7. However, it can be seen 
that when ¢ = 45°, the pitch gyro measures not only 
the pitch rate, g, but the full magnitude of the yaw rate, 
r, as well. Similarly, the yaw gyro measures the full 
pitch rate as well as the yaw rate. This is gyro cou- 
pling. Note, too, the effect of a pitch angle (or, more 
specifically, pitch error). Pitch errors cause the pitch 
gyro to read a component of the roll rate, p. Since the 
toll rate can be large when compared to the pitch 
tate, this effect could be significant. 


= 


DESCRIPTION OF THE GYRO STABILIZED AIRCRAFT IN 
MOTION 


In order to study the effect of gyro coupling on the 
stability and control of automatic flight control sys- 
tems, the gyro relations were inserted in a system of 
equations of motion representing an airframe and 
stabilization system. The following body axes equa- 
tions of motion can be found in reference 1 


(1/Izz) [Cigqsb + (7 + 
roll acceleration (7) 


pitch acceleration (8) 
r = (1/12) + — Tez) + plzz] 
yaw acceleration (9) 


= (1/Tyy) + — 


| 


8 = (1/mV) [Wsin ¢ + Cy,qs| — r + ap 
lateral acceleration (10) 
& = (1/mV) [W cos ¢ — C.gqgs] + q — BP 


normal acceleration (11) 


The force and moment coefficients for the body axes 
system are defined as follows 


Cig = Ci — — Cree (12) 
Cup = + (13) 
Cu = Co + Cre (14) 
= C, — Coa (15) 
Cz = Cr + Coa (16) 


Where the coefficients C;, Cn, C,, Cz, ete., are the con- 
ventional stability axis coefficients given by 


Ci = Cig8B + + Cigada + (b/2v)Cipp (17) 
= Cna® + + Crg(c/2v)q (18) 
Cn = CugB + + Crsada + 

(b/2v) (Cur + Capp) (19) 
Cy = + C,,,6r + (b/2v) Cypp (20) 


CL Cz. + + Cp = Cp, + 
(21) 
To define the action of the control surfaces 6, &, 


and 6,, a typical displacement plus rate type autopilot 
was assumed to be described as follows 


5a = (Ko, + Kr,s) RGE (22) 
5. = (Kop + Kroes) PGE (23) 
6, = (Koy + Krys) YGE (24) 


where s is the operator d( )/dt and K pg Kp g, and 
Kop, are displacement gains in units of degrees of sur- 
face per degree of gyro error in roll, pitch, and yaw. 
Likewise, Kr,, Kre, and Kr, are the corresponding 
rates or damping gains in units of degrees of surface per 
degree-per-second of gyro error rate. 

This rather detailed description of the system is pre- 
sented so that some of the effects of gyro coupling may 


November 1958 ¢ Aero/Space Engineering 71 


= 
| 
lis- 
the 
ve- 
che 
ed 
he 
ed 
X1S 
he 
ed 
ng 
ler 


4 


T 
HYPOTHETICAL MISSILE 
M = 1.8 « 35,000 FT 
PGE = -9° 


0 10 20 . 30 
ROLL ANGLE— DEGREES 


Fic. 1. Effect of roll angle on lateral-directional damping. 


be anticipated. For instance, if one inserts the auto- 
pilot system with its gyro expressions in the equations 
of motion (7)—(11), the coupling which results between 
yaw, pitch, and roll becomes more apparent. A simpli- 
fied form of the resulting equations becomes 


= (qsb/I_2) { Cusa(K + Kr,s) X 
S + sing + rcos v)@ldt+...} (25) 


g = (gsc/TIy) { Cmse(K po + Kroes) X 
S (a+ (p PGE — r)tan gjdt+...} (26) 


= + Krys) X 
S (p YGE + q) tan + ...} (27) 


It can be seen that the elevator which controls pitch 
only is a function not only of pitch but of yaw and roll 
as well. The resulting motion of the airframe will be 
determined by the phase and magnitude relations 
between the modes. 


Some EFFects oF Gyro Cross COUPLING ON THE 
AIRCRAFT IN MOTION 


The automatically stabilized aircraft system, which 
has just been described, has been studied on the elec- 
tronic analog computer. The results of the study have 
provided an understanding of some of the effects of 
gyro coupling. The results indicate that this coupling 
manifests itself basically in two ways: (1) the oscilla- 
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Fic. 2. Effect of pitch gyro error on lateral-directional damping. 
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tory characteristics are adversely affected, (2) diver- 
gent motions in a normally stable system can be 
introduced. 


The effect of gyro coupling on basic oscillatory sta- 
bility is pronounced. It was shown earlier that gyro 
coupling is a function of bank angle, ¢, and pitch angle, 
6 [Eqs. (4)-(6)]. The resulting effect of these vari- 
ables on a typical aircraft system is shown in Figs. (1) 
and (2). In Fig. (1), the variation of the damping of 
the short period motion of the system is shown as a 
function of bank angle. This typical system, which 
is well-damped wings level, becomes neutrally stable at 
bank angles near 28°. In Fig. (2), the effect of pitch 
angles on damping is indicated. The system is neu- 
trally stable at —9° of pitch during a banked turn. 

The mechanics of gyro coupling effects are well illus- 
trated in Figs. (3) and (4). In these figures, the tran- 
sients introduced by the entry of the aircraft into a 
banked turn are graphed. In the two figures are 
shown the components of the outputs of the gyros [see 
Eqs. (4)—-(6)]. In Fig. (3), a right turn with a nose- 
down attitude is shown. With the nose initially down, 


the banking of the aircraft increases the negative out-, 


put of the pitch gyro, causing a negative elevator 


(trailing edge up) and a pitch-up. The pitch-up,: 


q, is sensed by the yaw gyro, just as the initial yaw rate 
surge, r, begins to settle out. The pitch-up prolongs 
and increases the positive reading of the yaw gyro, 
resulting in positive rudder (trailing edge left) and a 
negative yaw rate, r. The coupling cycle is completed 
when the pitch gyro senses the yaw rate and experiences 
another surge (positive). The resulting motions are of 
sufficient phase and magnitude to sustain the oscillation. 
Notice that the initial negative yaw rate induced caused 
a positive sideslip tending to lift the right wing. 

In the case of the right turn with an initial nose-up 
attitude, somewhat different motions take place (Fig. 
4). The initial roll increases the positive reading of the 
pitch gyro, causing a down elevator and a nose-down 
pitch rate, g. This pitch rate, as before, is sensed by 
the yaw gyro. In this case, however, the yaw gyro 
reading is clipped instead of being prolonged and 
driven negatively. The negative rudder thus obtained 
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causes not only a positive yaw rate and an increasingly 
negative pitch gyro reading (plus r gives negative PGE), 
put the negative sideslip induced increases the right- 
wing-down bank angle. The result, as can be seen, is 
a diverging yaw gyro error and a dropping right wing. 
Also, the frequency of the oscillation is increased at near 
neutral stability. 

Thus, the effects of gyro coupling are seen to be sig- 
nificant and adverse under these conditions. In sum- 
mary, it is seen that a typical system which exhibited 
good damping and control in the wings-level condition 
became unstable in some cases because of gyro coupling. 


PosSIBLE REMEDIES FOR PROBLEMS CAUSED BY GYRO 
COUPLING 


The results of studies of aircraft with automatic 
stabilization systems using displacement gyros have 
indicated the considerable influence of gyroscopic cou- 
pling on stability and control. These results have also 
indicated ways of minimizing the undesirable effects 
of thiscoupling. The key, apparently, is tointerrupt the 
coupling at any one or more points. It was found that 
either one of several methods of diminishing the coup- 
ling restored the system to its wings-level performance. 
The remedies tested took several forms. One method 
which gave good results was to employ an erection 
system which aligned the spin axis of the yaw gyro into 
the plane of the wings. This has the effect of elimi- 
nating all inputs to the yaw gyro except yaw rate, 7. 
Another successful method might be labeled “‘Trigono- 
metric Computers.’ For example, the sinusoidal out- 
put of a synchro, driven as a function of roll angle, ¢, 
may be used to mechanize cosine y. The output of 
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Fic. 4. Turn entry with nose up. 


this ‘‘cosine synchro” can be used to modify the pitch 
gyro reading as follows 


PGE = cos vlad + (pPGE — r)tan ¢] = 6 


The result of modifying the pitch gyro to read true 
pitch angle approximately also minimized the effects 
of gyro coupling. 

Thus, the effects of gyro coupling are significant and 
should be accounted for, but there are available several 
methods of counteracting these effects. 
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tas News 


Corporate Member News 


e Aerojet-General Corp. has announced 
the appointment of Major Gen. Arthur W. 
Vanaman, USAF (Ret.), as Assistant to 
the President. 

e@ Aeronca Manufacturing Corp. has 
formed a new subsidiary—Aeronca-Cali- 
fornia Corp. The firm also a..nounced 
the promotion of J. P. Lawler, Washing- 
ton Representative, to Vice-President. 

@ Allison Division, General Motors Corp., 
reports that its prop-jet engines have re- 
ceived CAA approval to begin commercial 
service with an authorized time before 
overhaul of 1,000 hours. 

e@ Aluminum Co. of America has named 
James M. Tarter Eastern Traffic Manager. 


e American Airlines, Inc., has named H. 
Don Reynolds to the newly created posi- 
tion of General Traffic Manager in the 
Sales Department. William H. Baker has 
been named Director, Selection and 
Employe Programs, and Mary M. Eckley 
has been appointed Manager, Food Serv- 
ice. 
e Avco Research Laboratory Division of 
Avco Manufacturing Corp. has_ been 
scheduled to move into the firm’s new $16 
million facility at Wilmington, Mass. 
© Bell Aircraft Corp. .. . Rockets Division 
reports that it has accomplished the first 
large-scale rocket thrust chamber firings 
using liquid fluorine. Research on the 
new fuel was conducted at the firm’s 
Niagara Frontier Division. Combined 
with existing fuels, it will increase from 22 
to 40 per cent the power output of rocket 
engines, according to Bell. The company 
also announced the opening of a new west 
coast office at 6505 Wilshire Blvd., Los 
Angeles, to represent the Avionics, Rockets 
and Space Flight, and Missiles Divisions. 
Bell Helicopter Corp. has named 
Martin J. Gould Chief of Electronics Re- 
search. 
e Bendix Aviation Corp. has announced 
that participation in the USAF Dyna-Soar 
project will be headed by the Systems Divi- 
sion of the company. Bendix will work on 
communications systems, telemetering sys- 


tems, hydraulics, electrical power conver- 
sion, cabling, and electrical connectors. 


© Boeing Airplane Co. has announced the 
formation of a Systems Reliability and 
Safety Control group within its Systems 
Management Office. Colonel Harry G. 
Spillinger, USAF (Ret.), former Chief, 
Production Engineering Staff Division in 
the Directorate of Procurement and Pro- 
duction, Air Materiel Command, has been 
named Manager of the new group Boe- 
ing also announced that teams of engi- 
neering service instructors are currently 
conducting classes in field repair of air- 
plane honeycomb at SAC and AMC 
bases ... The Transport Division has de- 
livered the first 707 to Pan American Air- 
ways. A CAA provisional-type certificate 
was granted, the first of this type issued to 
any United States aircraft. 


@ Douglas Aircraft Co., Inc., reports that 
its A3D-2P Navy reconnaissance jet made 
its first flight and is undergoing testing at 
Edwards AFB. The new plane is powered 
by two Pratt & Whitney J-57 engines. 
Wing span is 72.5 ft.; length, 75.5 ft.; 
and height, 22.8 ft. 

e Fairchild Camera and Instrument Corp. 
has announced ‘“‘purchase of the assets’’ of 
Acme Telectronix Division, NEA Service, 
Inc., Cleveland, Ohio. 


e Fairchild Engine and Airplane Corp. has 
announced a realignment of its manage- 
ment in which James H. Carmichael, 
former President, Capital Airlines, has 
been elected Corporate Vice-President with 
responsibility for a new Commercial Trans- 
port Division. Richard C. Palmer, for- 
mer Assistant to the President and Wash- 
ington Senior Representative, has been 
elected to the new post of Corporate Vice- 
President—Communications. The Air- 
craft Division has become the Missiles- 
Aircraft Division with Willard L. Landers 
remaining as Vice-President and General 
Manager. 


e The Garrett Corp. has announced the 
promotion of W. J. Pattison to Vice- 
President—Sales, AiResearch Manufac- 


Goodyear Ajrcraft Corp. reports its latest and largest nonrigid airship is a “flying radome”; the 


envelope or gas bag is a natural radome for a gigantic, internally mounted radar antenna. 


Desig- 


nated the Goodyear ZPG-3W, its envelope has a capacity of 1.5 million cu.ft. The firm says it is the 
prototype for an undisclosed number of Airborne Early Warning picket patrol airships to be built for 


the Navy. 


3rd MARS 
Design 
Contest 


HACKENSACK, N. J.—The MARS Out. 
standing Design Contests have uncovered 
numerous interesting designs which might 
otherwise never have been brought before 
technical audiences. They have attracted 
such wide interest that MARS Pencils is 
sponsoring another contest in 1959. 


Russ Henke, Elm 


ows Grove, Wis., one of the 
ce winners in the 1958 
MARS Contest. 


If you are an engineer, architect or 
student, the MARS contest offers you a 
“showcase.” It provides you with a valuable 
opportunity to have projects you designed 
shown in leading magazines where they will 
be seen by the men in your profession. 


$100 Awards 


Send in your designs. Every winner will 
receive $100; winning entries will be repre 
duced in the wide list of technical publica- 
tions in which the MARS Outstanding 
Design Series appears. There are no strings 
attached. You will be given full credit. All 
future rights to the design remain with you. 
You can reproduce it later wherever you like 
and sell or dispose of it as you wish. 

The subject can be almose anything 
aviation, space travel, autos, trains, build- 
ings, engineering structures, household 
items, tools, machines, business equipment, 
etc. Projects will be selected on the basis of 
appeal to design-minded readers, broad 
interest, attractive presentation. Do not sub- 
mit a design that is in production. The pro- 
ject, in fact, does not need to have been 
planned for actual execution. It should, how- 
ever, be either feasible at present or a logical 
extension of current trends. It cannot be 
unrealistic or involve purely hypothetical 
alterations of natural laws. 

The sooner you send in your entry, the 
greater the chance of its selection. 


It is Simple To Submit a Design ° 
For Mars Outstanding Design Series 


e 
Just mail in’ an inexpensive photostat or ® 
Photocopy of the subject—one you can ® 
spare, since it cannot be returned— anda 
brief description. 
If your entry is accepted, we will ask for @ 
a clear illustration of your design in order e 
to prepare a sharp rendering, or photograph e 
suitable for reproduction. Your material 
will then be returned to you. . 


Send your entry to: 


J.S. STAEDTLER INC. 


Hackensack, New Jersey 
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turing Division. Los Angeles; Harry 

Wetzel, Division Manager, also was named 

a Vice-President ... Walter Clark was 

named Manager, Air Cruisers Division. 

e General Dynamics Corp... . Convair 

Division reports that a new fuel-defuel 

station said to service eight USAF jet 

fighters at one time is in operation at Palm- 

dale, Calif. ...Stromberg-Carlson Divi- 

sion has announced the appointments of 

William G. Alexander as Assistant General 

Manager, San Diego, and Harold F. Field, 

Director of Marketing, Electronics Divi- 

sion. 

e General Electric Co.... Defense Elec- 

tronics Division has reorganized its busi- 

ness, the firm announced. The Missile 

and Ordnance Systems Department is now 

the Missile and Space Vehicle department; 

the Ordnance Section has become a 

separate component—the Ordnance De- 

partment—with Gerald A. Hoyt named 

General Manager. Light Military Elec- 
tronic Department has announced that 
Operations Research and Synthesis—with 

Mark C. Lewis as Manager—has been 
established as a “formal, primary func- 
tion.”’... Heavy Military Electronic 
Equipment Department reports that C. K. 

Fulton has joined its Missile Defense 
Equipment Sales staff... Aircraft Gas 
Turbine Division’s Small Aircraft Engine 
Department reports that two new engine 
test cells have been built in Lynn, Mass., 
for qualifying and acceptance-testing of 
the T64 engine. 

¢ General Precision Equipment Corp. has 
announced expansion of its subsidiary and 
aname change to GPE Controls, Inc., of 
what had been Askania Regulator Co... . 
Kearfott Co., Inc., reports that it is par- 
ticipating in more than 20 Department of 
Defense programs. . . . Link Aviation, Inc., 
has named Rear Adm. John A. Scott 
(Ret.) Coordinator of Military Require- 
ments. 

© Goodyear Aircraft Corp. reports that its 
Human Factors Specialist Anthony J. 
Cacioppo has been appointed to the USAF- 
sponsored Committee on Life Sciences, 
National Academy of Science. 

e Grumman Aircraft Engineering Corp. 
reports that its Gulfstream prop-jet 
executive transport has completed its first 
flight. Two Rolls-Royce Darts, 2,105 
e.s.hp. each, power the plane. Wing span 
is 78 ft., 6 in.; length—64 ft.; and height 
—22 ft., 9 in. Gross take-off weight is 
31,000 Ibs. 

e¢ ITT Laboratories, a Division of Inter- 
national Telephone and Telegraph Corp., 
has named ten new laboratory directors 
and eleven associate laboratory directors. 
® Lear, Inc., has announced the following 
vice-presidential elections: James P. 
Brown, General Manager, Astronics Divi- 
sion; James L. Anast, Assistant to the 
President—Technical Planning; K. Robert 
Hahn, Corporate Director, Military Prod- 
ucts Marketing Services; and Joseph M. 
Walsh, Assistant General Manager, Grand 
Rapids Division. Roy J. Benecchi was 
elected Senior Vice-President. All other 
officers of the company were re-elected. 

® Lockheed Aircraft Corp. reported that 
its Electra transport has been fully certifi- 
cated by the CAA.... Georgia Division 
has established a Special Products branch 


THOR TITAN 


ATLAS BOMARC POLARIS 


CHRISTIE| 


THERE IS A REASON...why CHRISTIE 
was selected as the principal source of 
D-C Power Supplies for all the above 
projects... RELIABILITY 


CHRISTIE’S rigid Quality Control is approved by the A.E.C. 
and leading Aircraft and Missile Manufacturers. 


CHRISTIE ELECTRIC CORP. 
3410 W. 67th St., Los Angeles 43, Calif., Dept. AE 


Precisely regulated Power Supplies of permanent stability. Ratings up to 1500 
amperes. Bulletin on Standard Militarized units available on request. 
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Northrop Aircraft's first T-38 supersonic trainer is said to combine Century Series fighter 
performance with small size, light weight, and simplicity. Two G-E J85 engines power the 


aircraft which is said to weigh less than 11,000 Ibs. 


25 ft., 3 in.; and height, 11 ft., 11 in. 
N-156F, of the two-place trainer. 


to design, develop, and produce ground 
support equipment for missiles and air- 
craft. The division also announced the 
appointment of J. R. Daniell as Manager, 
Project Systems branch. Donald J. 
Murphy, former Project Systems branch 
head, has been named Assistant Weapon 
System Manager, Air Force satellite pro- 
gram. 

@ Marquardt Aircraft Co. has announced 
that its Astro Division will work with the 
Applied Radiation Corp. in developing 
the field of ion and other electrical pro- 
pulsion for space flight applications. 

e@ The Martin Co. has announced the 
appointment of Hugh E. Webber as Man- 
ager of Ground Systems at its new guided- 
missile and electronics center in Orlando, 
Fla. 

e@ North American Aviation, Inc., has an- 
nounced the appointment of R. M. Osborn 
as Project Engineer, Minuteman guidance 
and control, Autonetics Division. 

@ Northrop Aircraft, Inc., has announced 
the election of F. W. Lloyd to the position 
of Manufacturing Vice-President, North- 
rop Division. 

e Nuclear Development Corp. of America 
has occupied a 63-acre research and de- 
velopment center at Eastview, N.Y. The 
firm’s Pawling, N.Y., Laboratories also 
are undergoing expansion. 


Its overall length is 43 ft.; wing span 


Northrop also is developing a fighter version, the 


e Pesco Products Division, Borg-Warner 
Corp., and the Wooster Division, have 
named John F. Murray Chief Product 
Engineer. Anthony Kreslik has been 
named Western Branch Rotating Equip- 
ment Project Engineer. 


e The Ramo-Wooldridge Corp., Pacific 
Semiconductors, Inc., has announced that 
it will build an advanced engineering, 
production, and administrative center near 
Los Angeles International Airport; the 
cost will be $10 million. 


® Republic Aviation Corp. has appointed 
Walter Krug Chief Manufacturing Engi- 
neer. 

e Ryan Aeronautical Co. has created two 
new vice-presidencies with the fol- 
lowing appointments: C. A. Stillwagen, 
Vice-President—Finance, and Treasurer; 
H. E. Ryker, Vice-President—Operations. 
B. K. Goodman was advanced to Secre- 
tary, and M. K. Smith was promoted to 
Materiel Director. Hans M. Schiff has 
been named to the new post of Operations 
Manager, Torrance Plant. C. E. Mahoney 
and J. L Richardson have been named 
Assistant Secretaries of the corporation 
and will report to the Manager of the ex- 
panded Electronics Division, the firm an- 
nounced, 


e Simmonds Aerocessories, Inc., has an- 
nounced the appointment of Harrison F. 


Edwards as Technical Operations Man- 
ager, and Harlan C. Pringle as Field 
Operations Manager, Contracts and Sery- 
ice Division. 

e Summers Gyroscope Co., engaged in 
preliminary work on the Quail Project and 
providing sensing instruments, has an- 
nounced that it will also work on electronic 
components and a guidance subsystem for 
the project. 

© United Air Lines, Inc., has named Mer. 
vin Claeys to the newly created position of 
Quality Control Superintendent. 

United Aircraft Corp... . Pratt & Whit- 
ney Aircraft Division reports a successful 
company 50-hour test on its new J-58 
turbojet, a single-spool engine in the 30,000 
Ibs. thrust class. 

e Westinghouse Electric Corp. reports 
that it is producing missile nose cone 
materials said to withstand re-entry pres- 
sure and heat. J. O. Campbell has been 
named Chicago Area Sales Manager, 
Apparatus Division. 


Sections 


Los Angeles Section 


Polaris Development 
Ahead of Schedule 


Stanley Burriss, Missile Weapons Sys- 
tem Manager, Lockheed Aircraft Corp., 
discussed ‘Development of the Polaris 
IRBM”’ before 190 members on August 14. 

He said the Polaris as originally con- 
ceived would have been an immense 
machine; however, from its early de- 
velopment, the design hinged upon pre- 
dicted and scheduled advances in the 
state of the art, especially in warhead size 
reduction and increase in solid propellant 
engine specific impulse. The program is 
1-1!/2 years ahead of schedule, he said. 

Mr. Burriss showed a film of initial test 
vehicle launches, development facilities, 
and shipborne equipment. He pointed 
out the stringent requirements for thrust 
vector control and power cutoff and the 
environmental variations unique to the 
Polaris system. 

H. D. Moran, Secretary 


Member Price: $3.00 


NATIONAL NAVAL AVIATION MEETING PROCEEDINGS 


The Proceedings of the Naval meeting (held in San Diego, Calif., August 5-10, 1957) contains all 
unclassified papers presented at the meeting and is now available. 


Special Publications Dept., Institute of the Aeronautical Sciences, Inc., 2 East 64th St., N.Y. 21, N.Y. 


Nonmember Price: $5.00 
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AERO /SPACE 


... current literature of aeronautical engineering and space technology 


Tuts SEcTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
sTRACTS, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the principal periodicals re- 
ceived in the IAS Library is published 
annually in the January issue. 


The AERO/SpacE ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

Lenpinc Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as a 
service, positive photocopies of 
certain materials in its collections. 
Rates on request. 


For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


PERIODICALS AND 
INTERNATIONAL AERONAUTICAL ABSTRACTS. 81 


Subject Index to Periodicals & Reports 


Acoustics, Sound, Noise........... 
erodynamics, Fluid Mechanics..... 
Aerothermodynamics............ 
Stability & Control.............. 
Wines & Alisfoils. 

Aeronautics, General............. 

Air Transportation................ 

Air Conditioning, Pressurization. .. 
Control Systems, Automatic Pilots. . 
Landing, Landing Loads.......... 


Circuits & Components .......... 
Communications................ 


Magnetic Devices............... 
Networks, Filters. .............. 
Oscillators, Signal Generators... . 


Wave Propagation. ............. 
Equipment 


Pressure Measuring Devices....... 

Recording Equipment............ 

Stress & Strain Measuring Devices. . 
Laws & Regulations............... 
Machine Elements 


Rotating Discs & Shafts........... 102 
Materials 
Ceramics & Ceramals............. 102 
Corrosion & Protective Coatings... 102 
igh Temperature............... 102 
Metals & Alloys, Nonferrous... .. 103 
Nonmetallic Materials........... 103 
Atmospheric Structure & Physics... 108 
Upper Air Research............. 108 
Navigation 
108 
Ram-Jet & Pulse-Jet.............. 10 
Production Engineering.......... 110 
Research, Research Facilities........ 110 
Rocket Sleds, Tracks ............ 110 
Rotating Wing Aircraft, Helicopters... 112 
Beams & Columns............... 114 
Cylinders & Shells. ............. 114 
Elasticity & Plasticity............. 114 
126 
Sandwich Construction.......... 126 
Testing Methods................ 126 
Water-Based Aircraft............. 126 
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Acoustics, Sound, Noise 


Sound Propagation in a Fluid Flowing Through 
an Attenuating Duct. C. Pridmore-Brown 
J. Fluid Mech., Aug., 1958, pp. 393- 406. Study 
on the propagation of sound in both a constant 
gradient shear flow and a turbulent shear flow 
above a flat surface. 


Reflection and Transmission of Sound by a 
Slotted Wall Separating Two Moving Fluid 
Streams. Appendix—Details of Computation of 
and Coefficients. R. 

Barger. U.S., NACA TN 4295, Tune, 1958 
4 pp. 10 refs. Method for obtaining approxi 
mate solutions for the steady-state boundary con- 
ditions at a slotted-wall boundary. In the analy 
sis the wall with discrete slots is replaced by an 
equivalent homogeneous boundary. 


Noise Characteristics of the Tu-104. | 
Razumov, V. Kvitka, and G. Gubkina. (Graszh- 
danskaia Aviatsiia, Feb., 1958.) The Aeroplane, 
May 23, 1958, pp. 721, 722. 

Near Noise Field of a Jet-Engine Exhaust. 
W. L. Howes, E. E. Callaghan, W. D. Coles, and 
H.R. Mull. U.S., NACA Rep. 1338,1957. 35 
pp. 20refs. Supt. of Doc., Wash., $0.40. 

Abacs for the Calculation of the Acoustical 
Absorption of Perforated Partitions. P.Lienard. 
(Acustica, No. 8, 1958, pp. 86-90.) Git. Brit., 
RAE Lib. Transl. 745, June, 1958. 8 pp. 


Aerodynamics, Fluid Mechanics 


Aerodinamika Bol’shikh Skorostei. T. Li- 
gum. Grazhdanskaia Aviatsiia, June, 1958, pp 
17": 20. In Russian. Discussion covering the 
physical bases of high-speed aerodynamics, air- 
craft and power-plant aerodynamic characteris 
tics, take-off and climb, horizontal flight, landing, 
and stability and control. 


Aerothermodynamics 


Investigation of the Laminar Aerodynamic 
Heat-Transfer Characteristics of a Hemisphere- 
Cylinder in the Langley 11-Inch Hypersonic 
Tunnel at a Mach Number of 6.8. D. H. Craw 
ford and W. D. McCauley. U.S., NACA Rep 
1323, 1957. 21 pp. 18 refs. Supt. of Doc., 
Wash., $0.25. 


Estimation of Turbulent Heat Transfer at the 
Sonic Point of a Blunt-Nosed Body. Merwin 
Sibulkin. (Convair Sci. Res. Lab. RN 7, Oct., 
1957.) Jet Propulsion, Aug., 1958, pp. 548-554 
25 refs. Derivation of an equation for the con- 
vective heat transfer in terms of conditions at the 
sonic point of a body. 


Avt del’nye Resh Uravnenii Laminar- 
mnogo Pogranichnogo Sloia v Szhimaemoi Zhid- 
kosti pri Nalichii Teploobmena. A. Sh. Dorf 
man, N. I. Pol’skii, and P. N. Romanenko. 
Prikl. Mat.i Mekh., Mar.—Apr., 1958, pp. 274-279 
In Russian. Deriv ation of solutions for the equa 
tions of laminar boundary layer in a compres 
sible fluid with heat transfer, including a survey 
and evaluation of previous studies. 


Vaporization Into a Hypersonic Laminar Bound- 
ary Layer. S. M. Scala. J. Aero/Space Sci., 
Oct., 1958, pp. 655, 656. USAF-supported dis- 
cussion on the relationship between the interphase 
mass transfer, the diffusion rate of vaporizing 
species, the equilibrium vapor pressure, and the 
partial pressure; the surface constraints are also 
present 


Boundary Layer 


Average Properties of Compressible Laminar 
preg td Layer on Flat Plate with Unsteady 
7 ht Velocity. Appendix A, B—Determination 
ntegrals for Harmonic Oscillations. F. K. 
hen and Simon Ostrach. U.S., NACA Rep. 
1325, 1957. 12 pp. Supt. of Doc., Wash., $0.20 


Similar Solution of a Laminar Boundary Layer 
with Rotational Free Stream. F. D. Hains. 
J. Aero/Space Sci., Oct., 1958, p. 662. 


Teplovoi Sloi na Vrashchaiu- 
shchemsia Diske. . A. Dorfman. AN SSSR 
Dokl., Apr. 21, 1958, ‘pp. 1,110-1,112. In Rus- 
sian. Investigation of the thermal boundary lay- 
er on a rotating disc, with a derivation of the 
equation of turbulent motion for an incompres 
sible liquid. 


Flow of Fluids 


Nekotorye Vyrozhdennye Okolozvukovye 
Techeniia. O.S. Ryzhov. Prikl. Mat. i Mekh., 
March-Apr., 1958, pp. 260-264. In Russian. 
Study of the transonic motion of an ideal gas rep- 
resented in the hodograph plane (velocity) by a 
curve or a surface. Includes determination of a 
certain class of solutions for plane and axisym- 
metric flows. 


The Effect of Length on the Aerodynamic 
Characteristics of Bodies of Revolution in Super- 
sonic Flight. Appendix A—Summary of Theo- 
retical Relations and Spark Range Technique. 

Supentix B—Conversion of the Ballistic Co- 

cients to Aerodynamic Coefficients. Appendix 
C—Tables of Data. C. H. Murphy and L. E. 
Schmidt. U.S., BRL Rep. 876, Aug., 1953. 109 
pp. 37 refs. 


Supersonic Flow Past Quasi-Cylindrical Bodies 
of Almost Circular Cross-Section. D. G. Ran- 
dall. Gt. Brit., ARC R&M 3067 (Nov., 1955) 
1958. 17 pp. l6 refs. BIS, New York, $1.17. 

Two-Dimensional Subsonic and Sonic Flow 
Past Thin Bodies. J. B. Helliwell and A. G. 
Mackie. (J. Fluid Mech., Oct., 1957, p. 93.) 
Royal Coll. Sci. & Tech. Dept. Math. Paper 
(AFOSR TN 58-111) [AD 152019], Oct., 1957. 
109 pp. 


Some Experiments on Effects of Yaw on 
Boundary-Layer Development in Supersonic 
Cone Flow. DeCoursin and W. S. Brad- 
field. J. Aero/Space Sci., Oct., 1958, pp. 662- 
664. AFOSR-sponsored study ‘of the effect of 
small angles of yaw on boundary-layer develop- 
ment on a cone, including turbulent boundary- 
layer data previously obtained. 


The Aerodynamic Properties of the 7-Caliber 
ney pinner Rocket in Transonic Flight. 
.. E. Schmidt and C. H. Murphy. U.S., BRL 
ao Rep. 775, Mar., 1954. 45 pp. 12 refs. 


Effect of a Hemispherical Base on ge Aerody- 
namic Characteristics of Shell. . Deitrick. 
U.S., BRL Memo. Rep. 947, Nov. Toss: 35 pp. 

Further Numerical Data on Blunt Bodies. 
H. M. Lieberstein. J. Aero/Space Sci., Oct., 
1958, pp. 660, 661. 

Ob Obtekanii Pronitsaemykh Konturov. M. 
V. Tret’iakov. Prikl. Mat. 1 Mekh., Mar.—Apr., 
1958, pp. 2206-225. In Russian. Study of the 
problem covering the potential flow of an ideal 
fluid past arandom smooth, closed, uniformly per- 
meable profile. 


A Numerical Method for Evaluating Wave 
Drag. M. S. Cahn and W. B. Olstad. U-S., 
NACA TN 4258, June, 1958. 13 pp. Develop. 
ment of a numerical method for evaluating von 
Karman’s wave-drag equation and application to 
four analytical bodies of revolution. The results 
yielded are well within the accuracy of the linear- 
ized theory. 

Oscillation of the Wake Behind a Flat Plate 
Parallel to the Flow. Sadatoshi Taneda. Phys. 
Soc. Japan J., Apr., 1958, pp. 418-425. 12 refs. 
Investigation in a water-tank at Reynolds Num- 
bers 102 to 105. 

Discussions Following the Presentation of 
Papers on pr (AGARD Reports 132-— 
147). (NATO AGARD 11th Wind-Tunnel & 
Model-Testing Panel, Scheveningen, July 8-12 
1957.) NATO AGARD Rep. 132-147, July, 
1957. 43 pp. 

On the Flow of a Viscous Fluid Past a Thin 
Screen at Small Reynolds Numbers. Hidenori 
Hasimoto. Phys. Soc. Japan J., June, 1958, pp. 
633-639. 

Nestatsionarnoe Techenie s Teploperedachei v 
Viazkoi Neszhimaemoi Zhidkosti Mezhdu Dvumia 
Diskami pri Nalichii Vduva. 

Tirskii. AN SSSR Dokl., Mar. 11, 1958, 
De. S06, 228. In Russian. Investigation of the 
unsteady flow of a viscous incompressible fluid 
with heat transfer between two rotating discs in 
the case of fluid injection. 


Variational Approach to Magnetohydrody- 
namics. Philip Rosen. Phys. Fluids, May-June, 
1958, p. 251. Application of a dissipation func- 
tion to magnetohydrodynamics. 

Boundary Conditions for the Flow of a Multi- 
component Gas. D. E. Rosner. Jet Propulsion, 
Aug., 1958, pp. 555, 556. Analysis considering 
(a) the phenomenological formulation of the rate 
at which each chemical specie of an n- component 
gas is consumed or produced as a result of inter- 
action with a solid surface present in the flow and 
(b) the resultant boundary conditions on the 
“steady-state’’ velocity and concentration fields. 


The Production of High Tempetare Gas by 
Magnetic Acceleration. G.S. Janes and R. M. 
Patrick. Avco Res. Lab. RR 27, Mar., 1958. 13 
pp.. AFOSR-supported development of two ex- 
perimental devices for investigating the dy- 
namic interactions of high-temperature gases with 
magnetic fields. 


Tables of Radiation from High Temperature 
Air. B. Kivel and K. Bailey. Avco Res. Lab. 
RR 21, Dec., 1957. 29 pp. 16 refs. USAF- 
sponsored presentation of radiative emissivity of 
hot air in the range of temperature from 1,000°K. 
to 18,000° K. and densities from 10 to 10~* of a 
normal atmosphere. 

Properties of an Ionized Gas of Low Density 
in a Magnetic Field. S. Chandrasekhar, A. N. 
Kaufman, and K. M. Watson. Ann. Phys., 
Nov., 1957, pp. 435-470. 10refs. Deriv ation of 
equations which describe the hydrodynamic prop- 
erties of an ionized gas in a strong magnetic field 
and in states close to an initial stationary state. 
The development is based on the Boltzmann 
equation in which the effects of collisions between 
the constituents of the gas are ignored. 

Effect of Charge Separation on Plasma Dif- 
fusion in a Strong Magnetic Field. A. N. Kauf- 
man. Phys. Fluids, May-June, 1958, p. 252. 

Supersonic Motion of Vacuum Spark Plasmas 
Along Magnetic Fields. D. Finkelstein, G. A. 
Sawyer, and T. F. Stratton. Phys. Fluids, May- 
June, 1958, pp. 188-192. Presentation of velocity 
measurements and photographs of plasmas. 
Several coaxial sources which produce somewhat 
faster plasma streams are described. 


Magnetokhimiia Organicheskikh Soedinenii i 
‘*Khimicheskie’’ Sdvigi Iadernogo Magnitnogo 
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Resonansa. [a.G. Dorfman. AN SSSR Doki., 
Mar. 21, 1958, pp. 518, 519. In Russian. Arnal. 
ysis of the magnetochemistry of organic com. 
pounds and the “‘chemical’’ shifts of nuclear mag. 
netic resonance. 


Shock Waves in a Dusty Gas. G. F. Carrier. 
J. Fluid Mech., Aug., 1958, pp. 376-382. Ap. 
proximate analysis of the plane steady decelerated 
flow of a dust-gas mixture. The problem, which 
has a five- parameter family of solutions, is reduced 
to a form such that the analysis can be completed 
by the integration of a first-order nonlinear dif- 
ferential equation and a quadrature. 


Ob Udarnykh Volnakh v Sredakh s Proizvol’- 
nym Urav niia: G. Ia. Galin, 
aN SSSR Dokl., Apr. 21, 1958, pp. 1,106—1,109. 
In Russian. Study of the problem of shock waves 
in media described by an arbitrary equation of 
State. 

Ob Udare Zhidkosti o Naklonnuiu Stenku 
Beskonechno Dlinnozgo Chastichno Zakrytogo 
Sosuda. L. S. Ivanova. Prikl. Mat. i Mekh,, 
Mar.-Apr., 1958, pp. 254-256.. In Russian. 
Study of the problem covering the impact of a 
liquid on the inclined wall of an infinitely long, 
partially closed container. 


O Rasprostranenii Sil’nykh Razryvov v Mnogo- 
komponentnoi Srede. Ia. Z. Kleiman. Prikl. 
Mat. i Mekh., Mar.—Apr., 1958, pp. 197-205. In 
Russian. Study of the propagation of shock 
waves in multicomponent media. 

Postroenie Tochnykh Razryvnykh Reshenii 
Uravnenii Odnomernoi Gazodinamiki i Ikh Prilo- 
zheniia. V.P. Korobeinikov and E. V. Riazanoy. 
Prikl. Mat. i Mekh., Mar—Apr., 1958, pp. 265- 
268. In Russian. Derivation of exact discon- 
tinuous solutions for the equations of one-dimen- 
sional unsteady motion of an ideal gas in the pres- 
ence of shock waves. 

Structure of a Cones Rarefaction Wave ina 
Relaxing Gas. ; Wood and F. R. Parker. 
Phys. Fluids, May-June, 1958, pp. 230-241. 10 
refs. Theoretical study, both analytical and 
numerical, of the structure of a centered rare- 
faction wave in a relaxing ideal gas, neglecting the 
Navier-Stokes terms in the hydrodynamic equa- 
tions. The role of the ‘‘frozen’’ sound speed is 
clarified. 


Statistical Study of Turbulence—Spectral 
Functions and Correlation Coefficients. F. N. 
Frenkiel. (France, ONERA RT aa 1948.) U-.S., 
NACA TM 1436, July, 1958. 116 pp. 18 refs. 
Translation. Discussion of various possible cor- 
relation functions for homogeneous and isotropic 
turbulence. 

On the Spectrum of Turbulence. D.G. Went- 
zel. Phys. Fluids, May—June, 1958, pp. 213, 214. 
Derivation of the spectrum of turbulence in 
Chandrasekhar’s theory of scattering of electro- 
magnetic waves by a turbulent medium. 


Internal Flow 


On Pairs of Solutions of a Class of Internal 
Viscous Flow with Body Si- 
mon Ostrach and L. Albers. U.S., CA TN 

273, June, 1958. pp. of the 
pairs of solutions to the convection problem. 
The method of obtaining these solutions is pre- 
sented, and the influence of various physical pa- 
rameters on these solutions is discussed. 


Kvazistatsionarnoe Istechenie Gaza iz Tsilin- 
dricheskogo S Pere Ob’ema. I. 
M. Belen’kii. Prikl. ia i Mekh., Mar— Apr., 
1958, pp. 279-285. In Russian. Study of the 
problem of quasi-stationary gas flow from a cylin- 
drical container with varying volume. The im- 
portance of this problem in gas power-plant stud- 
ies and those of internal ballistics is emphasized. 


Kolebaniia Reshetki Tonkikh Profilei v Nes- 
zhimaemom Potoke. M. D. Khaskind. Prikl. 
Mat. i Mekh., Mar.—Apr., 1958, pp. 257-260. 
In Russian. Application of the Haskind method 
to the analysis of turbulent motion of a liquid and 
hydrodynamic forces in the case of thin-cascade 
vibrations, such as would be encountered in tur- 
bines. 


The Transonic Flow Field of an Axial Compres- 
sor Blade Row. J. E. McCune. (JAS 26th 
Annual Meeting, New York, Jan. 27-30, 1958, 
Preprint 792.) J. Aero/Space Sci., Oct., 1958, 
pp. 616-626. 10 refs. 


Comportement de Grilles d’Aubes de Compres- 
seur de Courbure et d’ 552 7S Différents. 
C. Rouffignac. France, ONERA NT 39, 1957. 
70 pp. 10 refs. In French. Inv estigation of 
the behavior of compressor blades having different 
curvature and aspect ratios. 


Performance at Low Speeds of Compressor 
Rotors Having Low-Cambered NACA 65-Series 
Blades with High Inlet Angles and Low Solidities. 
J. C. Emery and P. W. Howard. U.S., NACA 
TN 4344, Aug., 1958. 28 pp. 


Design and Tests of a Six-Stage Axial-Flow 
Compressor Having a Tip Speed of 550 Feet per 
Second and a Flat Operating Characteristic at 
Constant Speed. Appendix A—Derivation of an 
Equation for the Rate of Change of Work Input 
with a Change in Axial Velocity. Appendix B— 
Effect of Testing in Freon-12. W. R. Westphal 


and J. W. Maynard, Jr. U.S., NACA TN 4253, 
June, 1958. 57 pp. 


(Continued on page 97) 
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‘nov. 
hes AERODYNAMICS, FLUID MECHANICS helium is a better choice of coolant than nitrogen. 
men- The average heat transfer near the nose of a body 
—_ Aerothermodynamics was reduced almost to zero by injecting a mass of 
bay helium as small as 1/2 % of the mass flow of free- 
‘to ON THE TEMPERATURE DISTRIBUTION IN stream air 1 apn by the spherical crosse7sec~ 
THIN FLAT PLATES WITH LAMINAR SUPERSON- tional areaf Both methods of ms 
dua IC BOUNDARY LAYERS. Magnus Tideman. (straight out of the stagnation point and tangenti 
wale SAAB TN 39, , 15, 1958. 9 pp. Study of tem- to the body surface) tend to increase the value of 
tral perature distribution ih thin flat plates and pres- the heat transfer coefficient. The average heat 
1S. entation of the partial differential equation yielded  tTansfer near the nose of the body is reduced al- 
og by the physical problem. Methods of solution are eet to sero whens spike having a langth:to “eee 
opic presented, including an approximate procedure diameter ratio of 1.07 is fitted at the stagnation 
me. and a method for improving the approximation. pout. 
tro MASS TRANSFER COOLING IN A LAMINAR A TECHNIQUE FOR EXPERIMENTAL INVES- 

BOUNDARY LAYER IN STEADY TWO-DIMEN- TIGATION OF HEAT TRANSFER FROM A SUR- 
SIONAL STAGNATION FLOW. A. A. Hayday. FACE AT LARGE SUR: 
TN 19 (AFOSR TN 58-337) [AD 154241], Apr., 1958. TIOS. W. S. Bradfield, A. R. Hanson, Jide 
em. 36 pp. 13 refs. Analytical investigation of the ef- Sheppard, and R. E. Larson. Minn. U. Inst. Tech 
pa fects of hydrogen injection on flow and heattransfer Dept. Aero. Eng. RAL Res. Rep. 150 (AFOSR TR 
a characteristics near a stagnation point. A two- 58-64) [AD 158252], June, 1958. 24 pp. Descrip- 

r dimensional, steady flow field with no chemical tion of an apparatus and techniques used to produce 
Pr. reactions taking place, is assumed. Results in a moderately hot surface in a cooling gas stream 
ond the form of velocity, concentration, temperature, which is chemically homogeneous and of known 
ud: skin friction, and surface heat flux variations with  ©°™position, and to make measurements of surface 
vs injection are presented. It is shown that underthe ‘*e™perature, heat flux, and the rate of loss of 
i stated conditions a high reduction in the heat trans- ™488- Preliminary values of local convective and 
we ferred into the surface can be expected. radiative heat transfer at surface temperatures as 
und high as 3,440°R. have been determined. Maxi- 
ur AN EXPERIMENTAL STUDY OF THE EFFECT mum surface temperatures reached in a stagnant, 
ne OF MASS INJECTION AT THE STAGNATION inert atmosphere have exceeded 6, 200°R. and ina 
oth POINT OF A BLUNT BODY. Appendix A - THE Mach 2.3 free jet they have gone as high as 4, 700° 
38, MEASUREMENT OF HEAT TRANSFER BY THE R. Some studies were also made on the deteriora- 
mt TRANSIENT TECHNIQUE. Appendix B - EFFECT tion of graphite surfaces coated with silicon nitride 
ts. OF A THERMOCOUPLE WIRE ON TRANSIENT and silicon carbide. 
ad MEASUREMENTS. Appendix C - TRANSIENT 
HEAT TRANSFER WITH FLAT PLATE MODEL. COOLING BY JETS DIRECTED UPSTREAM IN 
sor H. M. McMahon. GALCIT Memo. 42, May 1, 1958. HYPERSONIC FLOW. Antonio Ferri and M. H, 

a 132 pp. 38 refs. Investigation covering the effects Bloom. USAF WADC TN 56-382 [AD 97232], Sept., 
ad of the injection of nitrogen and helium coolant gases 1957. 46 pp. 43 refs. Theoretical and experimen- 
- on the thermal behavior of blunt bodies. Model tal study of the effects of mass addition by upstream 
- construction, instrumentation, and test procedure jet injection under turbulent hypersonic conditions. 
an are described. The injection of the coolant gas This investigation is concerned primarily with the 
oa resulted in a marked reduction in the model equi- behavior of water and air as coolants. An analysis 
7 librium temperature. For the same mass flow is made of point mass-addition cooling effects in 
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turbulent flow under hypersonic conditions, and the 
resulting significant parameters are discussed. 
The tests were run at a nominal Mach Number of 

6 with a stagnation pressure of 600 psia and stag- 
nation temperatures ranging from 1, 200° to 1, 720° 
R. Comparison between tests and analysis shows 
that the difference between the heat transfer coef- 
ficients (a) under jet cooling conditions and (b) 
without cooling is seen to be linearly related to the 
ratio of sink strength to available energy. 


ON THE MECHANISMS OF METEORIC ABLA- 
TION. Sin-I Cheng. Princeton U. Dept. Aero. 
Eng. Rep. 427 (AFOSR TN 58-649) [AD 162181], 
Apr., 1958. 3l pp. 14 refs. Analysis of the abla- 
tion phenomenon of meteoric objects entering the 
atmosphere. The drag and the deceleration en- 
countered by the meteoric body are estimated, and 
the situation of the convective flow of the liquid 
layer is discussed. It is shown that the interface 
under the force field and the relative wind is al- 
ways unstable and behaves like a saddle point, 
monotonically diverging exponentially. The possi- 
bility of the instability to develop into advanced 
stages, even though the molten material is extreme- 
ly viscous, is demonstrated. Interferences are 
drawn concerning the observed anamolies of the 
meteoric flashes and some other aspects of mete- 
oric phenomena. <A schematic diagram for the dif- 
ferent modes of atmospheric ablation of meteoric 
bodies while entering the atmosphere is given. 


A THEORETICAL STUDY OF STAGNATION- 


POINT ABLATION. Leonard Roberts. US,NACA 
TN 4392, Sept., 1958. 29 pp. Simplifiedanalysis 


of the shield mechanism which reduces the stagna- 
tion point heat transfer when ablation takes place 
at the surface. The ablation process considered 
is that in which the material changes directlyfrom 
the solid to the gaseous state. The automatic 
shielding mechanism is discussed and the signifi- 
cant thermal properties of a good ablation are 
given. The results are given in dimensionless pa- 
rameters. 


MEASUREMENTS IN A SHOCK TUBE OF HEAT- 
TRANSFER RATES AT THE STAGNATION POINT 
OF A 1. 0-INCH-DIAMETER SPHERE FOR REAL- 
GAS TEMPERATURES UP TO 7,900°R. A. P. 
Sabol. US, NACA TN 4354, Aug., 1958. 15 pp. 
Determination of heat-transfer rates from meas- 
urements of the surface-temperature change with 
time of a thin-film-platinum resistance thermome- 
ter. The test results are presented and compared 
with the results from theories of Lees and from 
those of Fay and Riddell. The experimental results 
obtained give lower heat-transfer rates than both 
theories but are more compatible with results from 
, the theory of Lees. These test results are also 
' compared with thermocouple data and with the re- 
sults obtained by the use of similar configurations 


Boundary Layer 


ON A BOUNDARY LAYER APPROXIMATION 
TECHNIQUE. Appendix - CONSIDERATION OF 
THE BOUNDARY LAYER EQUATIONS OF VON 
MISES. K. T. Yen. Rensselaer Polytech. Inst. 
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Res. Div. TR AE 5802 (AFOSR TN 58-403) [AD 158 


206], Apr. 1, 1958. 34 pp. 10 refs. Development 
of a new boundary layer theory for two-dimensional 
problems starting from Navier-Stokes equations 
written in generalized coordinates. Two approxi- 
mations are developed. The first one, called the 
P-approximation, applies to boundaries with sur- 
face curvature equal to zero. This approximation 
is essentially equivalent to Prandtl's boundary layer 
theory. The second boundary layer approximation, 
called the C-approximation, is developed for the 
study of the effect of surface curvature. The con- 
ditions under which similar solutions exist for the 
C-approximations are obtained. High speed com- 
puting machines must be used to solve the C-ap- 
proximation. 


APPROXIMATE SOLUTIONS OF A CLASS OF 
SIMILARITY EQUATIONS FOR THREE-DIMEN- 
SIONAL, LAMINAR, INCOMPRESSIBLE BOUNDA- 
RY-LAYER FLOWS. A. G. Hansen and H. Z. 
Herzig. US, NACA TN 4375, Sept., 1958. 26 pp. 
18 refs. Analysis of boundary layer flows over a 
flat surface under main-flow streamlines that are 
translates and representable as infinite series ex- 
pansions. For the particular case of stream-line 
shapes described by a power of the distance along 
the surface from the leading edge, relatively sim- 
ple expressions are obtained for flow deflection at 
the boundary surface, limiting stream-line shape, 
and shear stress at the surface. 


ON POSSIBLE SIMILARITY SOLUTIONS FOR 
THREE-DIMENSIONAL INCOMPRESSIBLE LAMI- 
NAR BOUNDARY-LAYER FLOWS OVER DEVEL- 
OPABLE SURFACES AND WITH PROPORTIONAL 
MAINSTREAM VELOCITY COMPONENTS. A. G. 
Hansen. US, NACA TM 1437, Sept., 1958. 79 pp. 
22 refs. Analysis to determine the requirements 
for the existence of similarity solutions for the 
following two cases: flow over developable sur- 
faces, and flow over nondevelopable surfaces with 
proportional mainstream velocity components. 
Permissible forms are obtained for mainstream 
velocity components, the square of differential of 
arc length on.the surface, and the similarity param 
eter. A basic class of surfaces is found from which 
all other permissible surfaces may be obtained. 
Necessary and sufficient conditions are found for 
expressing the ordinary differential equations re- 
sulting from the similarity transformation in uncow 
pled form. The analysis shows that uncoupling is 
possible only when the surface is developable, and 
a surface coordinate system characterized by 
(ds)@ = (ax)? + (dx2)@ is employed. 


THEORETICAL DISTRIBUTION OF LAMINAR- 
BOUNDARY-LAYER THICKNESS, BOUNDARY- 
LAYER REYNOLDS NUMBER AND STABILITY 
LIMIT, AND ROUGHNESS REYNOLDS NUMBER 
FOR A SPHERE AND DISK IN INCOMPRESSIBLE 
FLOW. Neal Tetervin. US, NACA TN 4350, Sept, 
1958. 36 pp. 13 refs. Calculation for a sphere 
showing that: the boundary layer at the stagnation 
point of a sphere is much thicker than that on an 
airfoil, the boundary-layer thickness increases 
very slowly with an increase in distance from the 
stagnation point, the boundary layer over the for- 
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ward portion of a sphere is highly stable at large 
Reynolds Numbers with respect to the Tollmien- 
Schlichting type of waves, and the roughness of a 
given height produces the largest roughness Rey- 
nolds Numbers at about 57° from the stagnation 
point. The calculations for the disc show that the 
boundary-layer thickness is greatest at the stagna- 
tion point and decreases with an increase in dis- 
tance from this point, the boundary layer is ex- 
tremely stable with respect to the Tollmien- 
Schlichting type of waves, and that roughness of a 
given height produces a given roughness Reynolds 
Number over a smaller portion of the disc surface 
than over the surface of the sphere. 


INVESTIGATION OF TRANSITION CAUSED BY 
THE STOPPING OF A FLAT PLATE. J.C. 
Hegarty. U. Md. Inst. Fluid Dynamics & Appl. 
Math. TN BN-141 (AFOSR TN 58-627) [AD 162157], 
June, 1958. 33 pp. Investigation of the amplifi- 
cation of the small perturbation due to boundary- 
layer instability into discrete vortex lines, and 
their subsequent distortion into a three-dimension- 
al pattern. The intensification of the vortices and 
the three-dimensional distortion is believed to be 
a necessary step of the phenomena of transition 
from laminar to turbulent flow. The results in 
many respects are in accord with those obtained 
from the trip wire technique. In addition to the 
study of the three-dimensionality present in the 
vortex line, the mechanics of the rotation of the 
distorted line are also discussed. 


EFFECTS OF NOSE ANGLE AND MACH NUM- 
BER ON TRANSITION ON CONES AT SUPERSON- 
IC SPEEDS. K. R. Czarnecki and M. W. Jackson. 
US, NACA TN 4388, Sept., 1958. 17 pp. Investi- 
gation to determine the transition characteristics 
of a group of smgoth sharp-nosed cones varying 
from 10° to 60° in included apex angle over a Mach 
Number range from 1.61 to 2.20 and a range of 
Reynolds Number per foot from about 1.5 x 108 to 
8x 106, Increasing the cone angle is shown to de- 
crease slightly the transition Reynolds Number, 
whereas the effects of changes in Mach Number and 
unit Reynolds Number are negligible. When tran- 
sition occurred within 15 to 20% of the model length 
from the base there was a dropoff in transition 
Reynolds Number. 


AN EXPERIMENTAL INVESTIGATION OF THE 
STABILITY OF THE HYPERSONIC LAMINAR 
BOUNDARY LAYER. Anthony Demetriades. 
GALCIT Memo. 43, May 15, 1958. 85 pp. 33 refs. 
Study carried out with the aid of a hot wire ane- 
mometer on the stream-wire amplitude variation 
of both "natural" disturbances and of disturbances 
artificially excited with a "siren'"' mechanism. In 
both cases it was found that such small fluctuations 
are amplified for certain ranges of the fluctuation 
frequency and the Reynolds Number, and dampened 
for others. The demarcation boundaries for the 
amplification (instability) zone were found to re- 
semble the corresponding boundaries of boundary- 
layer instability at lower speeds. The amplifica- 
tion rates and hence the degree of "selectivity" of 
the hypersonic range were found, however, to be 
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considerably lower than those at lower speeds. The 
disturbances selected by the layer for maximum 
amplification have a wavelength estimated at about 
20 times the boundary-layer thickness, which is 
appreciably longer than the corresponding wave- 
lengths for low-speed boundary-layer flow. 


ON THE LAMINAR BOUNDARY LAYER WITH 
ARBITRARY PRESSURE GRADIENT AND WALL 
TEMPERATURE DISTRIBUTIONS. Appendix - 
THE TRANSFORMED EQUATIONS FOR A SPE- 
CIFIC CASE OF STAGNATION POINT FLOW. 

J. C. Williams, II. USCEC Rep. 40-204(AFOSR 
TN_ 58-583) [AD 162103], July 31, 1958. 17 pp. A- 
nalysis of the laminar compressible boundary layer 
to remove certain restrictions so that the laminar 
boundary layer with arbitrary pressure gradient 
and arbitrary wall temperature distribution can be 
considered with a minimum of simplifying assump- 
tions. The laminar boundary layer equations for 

a compressible heat conducting gas are first trans- 
formed by the Stewartson transformation. The 
transformed equations are then attacked by the 
Blasius series procedure which yields a number of 
pairs of simultaneous ordinary differential equa- 
tions which, when solved, define the boundary layer 
on a body with an arbitrary pressure distribution. 


SOME PRELIMINARY RESULTS OF VISUAL 
STUDIES ON THE FLOW MODEL OF THE WALL 
LAYERS OF THE TURBULENT BOUNDARY LAY- 
ER. S, J. Kline and P. W. Runstadler. Stanford 
U., Dept. Mech. Eng. Rep. MD-3 (AFOSR TN 58- 
160) [AD 152187], Apr., 1958. 17 pp. 16 refs. 
Presentation of studies on the flow model in the 
wall layers of the turbulent boundary layer. Results 
are summarized for investigation of positive pres- 
sure gradients, zero and negative pressure gradi- 
ents, readjusting zones, and the later stages of 
transition. In all cases the special visual methods 
developed for these studies show a definite three- 
dimensional vortex flow model. The presently a- 
vailable details of this model are described, and a 
possible interpretation of the physics of the turbu- 
lent boundary layer is given. 


AN EXPERIMENTAL INVESTIGATION OF THE 
TURBULENT BOUNDARY LAYER IN SUPERSON- 
IC FLOW AROUND UNYAWED CONES WITH 
SMALL HEAT TRANSFER AND CORRELATIONS 
WITH TWO DIMENSIONAL DATA, Appendix I - 
PREDICTION OF DIMENSIONLESS DISPLACE- 
MENT AND MOMENTUM DEFECT THICKNESSES 


. FOR THE TURBULENT BOUNDARY LAYER (1< 


M)<5). Appendix II - TURBULENT SKIN FRIC- 
TION AND HEAT TRANSFER ON AN UNYAWED 
RIGHT CIRCULAR CONE AT SUPERSONIC SPEED. 
Appendix Il - THE EFFECT OF PROBE TIP CON- 
FIGURATION ON PROBE FACE EQUILIBRIUM 
TEMPERATURE, Appendix IV - MAGNITUDE OF 
EXPERIMENTAL ERRORS. Appendix V - THE 
TOTAL ENTHALPY THICKNESS RELATION FOR 
AXIALLY SYMMETRIC CONE FLOW. W. S.Brad- 
field. Convair Sci. Res. Lab. RR1, Mar. 15, 
1958. 134 pp. 62 refs. Comparison by suitable 
engineering relations between the cone turbulent 
boundary layer at constant surface temperature 
with zero yaw and the two-dimensional turbulent 
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boundary layer under both compressible (l1< M<5) 
and incompressible flow conditions. A new type of 
total temperature boundary layer probe was devel- 
oped and applied to the measurements of total 
temperature profiles in the boundary layer of a 
cone at supersonic speeds. Correlations among 
velocity profiles, total temperature profiles, mo- 
mentum thickness, displacement thickness, shape 
parameter and enthalpy increment for plate, cone, 
and axial flow cylinder are established; and local 
values of heat transfer and skin friction coeffi- 
cients are compared with compressible and incom- 
pressible flow plate values. 


INTERACTION OF A TURBULENT BOUNDARY 
LAYER WITH A STEP AT M = 3.85. I. E. Vas 
and S. M. Bogdonoff. Princeton U. Dept. Aero. 
Eng. Rep. 295 (AFOSR TN 55-200), Apr., 1955. 
58 pp. Investigation to determine the effects of 
Mach Number upon turbulent boundary-layer sepa- 
ration and to compare the results with those ob- 
tained previously at Mach 2.92. The separation 
and shock wave pattern are determined for steps 
varying from 1/4 to about two boundary-layer thick- 
nesses. Schlieren and shadowgraph pictures are 
taken, static pressures are measured ahead of the 
step, and the pressure ratio to separate the bound 
ary layer is determined. The measured peak pres- 
sure ratio agreed with the peak pressure value of 
Crocco-Probstein. The maximum reverse veloci- 
ties measured in the separated region are in the 
order of Mach 0.7. 


INTERACTION OF A SHOCK WAVE WITH A 
TURBULENT BOUNDARY LAYER AT M = 3.85. 
I. E. Vas andS. M. Bogdonoff. Princeton U. Dept. 
Aero. Eng. Rep. 294 (AFOSR TN 55-199), Apr., 1955. 
31 pp. 15 refs. Experimental investigation covering a 
pressure ratio across the shock varying from 1.5 
to 3.0. It is found that for low incident shock pres- 
sure ratios (on the order of 1.8), the pressure along 
the wall rises smoothly to a maximum value with 
no separation. For a shock pressure ratio greater 
than about 2.2, an inflection point occurs in the 
static pressure distribution and separation is ob- 
served. For incident shock pressure ratios equal 
to or greater than 2.6, the overall phenomenon 
remains similar, only the scale of the interaction 
changes. The measured pressure ratio at the se- 
paration point is 2.4 as compared to a value of 
about 2.1 at M= 2.92. 


Control Surfaces 


THE EFFECTS OF AN INVERSE-TAPER LEAD- 
ING-EDGE FLAP ON THE AERODYNAMIC CHAR- 
ACTERISTICS IN PITCH OF A WING-BODY COM- 
BINATION HAVING AN ASPECT RATIO OF 3 AND 
45° OF SWEEPBACK AT MACH NUMBERS TO 
0.92. F. A. Demele and K. H. Powell. US, 
NACA TN 4366, Aug., 1958. 57 pp. Experimen- 
tal investigation to determine the effectiveness of 
a leading-edge flap in improving primarily the drag 
characteristics at high subsonic speeds of a wing- 
body combination having an aspect ratio 3 and 45° 
of leading-edge sweepback. The experimental e- 
quipment is described. Results are presented in 
graphical form. Aerodynamic data were obtained 
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for flap angles to 16° over a Mach Number range 
0.25 to 0.92 at a Reynolds Number of 3.2 x 10°, 
andovera ReynoldNumber range of 3.2 x 108 to 

15 x 106 at a Mach Number of 0.25. In general, the 
flap had little effect on the lift and static stability 


of the model. Lift-drag ratios are compared with 
those of a similar model incorporating conical 
camber. 


Flow of Fluids 


SECOND-ORDER SLENDER-BODY THEORY- 
AXISYMMETRIC FLOW. Appendix A, B - SHORT 
TABLE OF SLENDER-BODY INTEGRALS. M. D. 
Van Dyke. US, NACA TN 4281, Sept.,1958. 46 pp. 
32 refs. Extension of slender-body theory for sub 
sonic and supersonic flow past bodies of revolution 
to the second approximation. Methods are develop 
ed for handling the difficulties that arise at round 
ends. Comparison is made with experiment and 
with other theories for several simple shapes. 
Complications appear in the case of stagnation 
points. It is shown that real difficulties arise only 
for round noses, and that for subsonic flow they 
can be overcome by comparison with the known so- 
lution for a paraboloid. Only a region spanned by 
the body is considered though the flow upstream 
and downstream could be treated in the same way. 


INVISCID FLOW AROUND A BLUNT BODY OF 
A REACTING MIXTURE OF GASES. A - GENER- 
AL ANALYSIS. W. Lick. Rensselaer Polytech. 
Inst. Res. Div. TR AE 5810 (AFOSR TN 58-522) 
[AD 158335], May, 1958. 52 pp. 33 refs. Descrip- 
tion of a general numerical procedure whereby the 
details of the inviscid flow about a blunt body of a 
mixture of perfect gases, including the effects of 
chemical reaction and relaxation, can be calculat- 
ed. Various simplifying assumptions are made. 
The fundamental equations and boundary conditions 
for the inviscid, non-heat-conducting flow are 
presented. The effects of vibrational relaxation 
and finite dissociation and recombination rates are 
included. An inverse method is described allow- 
ing the determination of the flow field behind the 
shock and the corresponding shape of the body. 
The method of solution and an iteration procedure 
to increase the accuracy of the computation are 
discussed. A method of characteristics for two- 
dimensional flow including vibrational relaxation 
effects and finite dissociation and recombination 
rates is developed. The speed of sound is discuss- 
ed, and a rough analysis of dissociation and re- 
combination rates is made. 


FREE-F LIGHT MEASUREMENTS OF PRES- 
SURE DISTRIBUTION AT TRANSONIC AND SU- 
PERSONIC SPEEDS ON BODIES OF REVOLUTION 
HAVING PARABOLIC AFTERBODIES. C. Kell. 
Gt. Brit., RAE Rep. Aero.2605, Apr., 1958. 33 
pp. Description of free-flight measurements ofthe 
pressure distributions at Mach Numbers from 0.9 
to 1.5 and Reynolds Numbers from 31 to 65 x 106 on 
a series of related afterbodies attached to a com- 
mon cone-cylinder body of revolution. The experi- 
mental results are in reasonable agreement with 
theoretical values calculated by the method of char 
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acteristics and confirm the usefulness of the super- 
sonic similarity law as a means of predicting drag. 
Measurements of base pressure are qualitatively 
in agreement with estimates but not quantitatively, 
particularly not at low supersonic speeds. Limi- 
tations in the experimental technique and incertain 
cases the occurrence of flow separation are respon 
sible for the discrepancies. Measured boundary- 
layer displacement thicknesses on the afterbody 
and estimated values show good agreement. 


SHROUD TESTS OF PRESSURE AND HEAT 
TRANSFER OVER SHORT AFTERBODIES WITH 
SEPARATED WAKES. M. H. Bloom and Adrian 
Pallone. Polytech. Inst. Bklyn., Dept. Aero. 
Eng. & Appl. Mech. Rep. (USAF WADC TN 58-185) 
[AD 155690], June, 1958. 38 pp. Empirical meas- 
urements of pressures and heat transfer rates 
over three blunt afterbodies of small fineness ratia 
Tests were made by means of a shroud technique 
over a range of Reynolds Numbers closely corre- 
sponding to typical flight conditions at Mach Num- 
bers of the order of 20 at stagnation temperatures 
of 1,300° to 1,600°R. A comparison is made 
with values obtained from tests of Chapman at 
Mach Numbers from 2 to 3. The results are pre- 
sented and compared with each other in terms of 
nondimensional variables based on flow conditions 
at the exit shoulder just prior to the afterbody. 
The pressures are roughly uniform in the after- 
body region. The ratio of afterbody pressure to 
forebody stagnation pressure decreases with in- 
creasing stagnation pressure. 


NOTE ON THE FORCES ON AN ELLIPTIC CYL- 
INDER MOVING IN A VISCOUS LIQUID ATSMALL 
REYNOLDS NUMBERS. Yorisaburo Takaisi. Phys. 
Soc. Japan J., Aug., 1958, pp. 954-959. 11 refs. 
Discussion of the steady flow of a viscous liquid 
past an elliptic cylinder at an arbitrary angle of 
attack on the basis of Reynolds Number expansion, 
using conformal transformation of the general so- 
lutions of Oseen's equation, which are expressed 
in integral forms. The expansion formulas forthe 
lift and drag coefficients are obtained to the second 
approximation; they are in perfect agreement with 
previous results. The procedure gives a practical 
method of solving Oseen's equation for the two- 
dimensional slow steady flow of an unbounded vis- 
cous liquid past an arbitrary cylindrical body, and 
a method to study the wall effect upon a cylinder 
of arbitrary shape moving in a viscous liquid bound 
ed either by a plane wall or by parallel plane walls, 


provided the mapping function is known for the cyl-. 


inder. 


DRAG DUE TO LIFT OF A NOT-SO-SLENDER 
CONFIGURATION - APPLICATION OF THEORY. 
0. R. J. Vidal. USAF WADC TR 57-316, Pt. I 
[AD 151015}, Mar., 1958. 22 pp. Investigation into 
methods for reducing the supersonic drag due to 
lift with the aim of improving the supersonic per- 
formance of aircraft and missiles. A second-or- 
der theory is described which allows the prediction 
and minimization of the supersonic drag due to lift 
of rather nonslender wing-body combinations; the 
restrictions of the theory are reviewed. Methods 
are presented for applying the theory to aircraft 
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and missile design with appropriate design charts 
for predicting the chordwise lift distribution of 
wing-body combinations. The drag due to lift is 
calculated for three configurations, and the signifi- 
cance of these calculations is discussed. 


EXPERIMENTELLE UNTERSUCHUNGEN AN 
VERSCHIEDEN STARK KONVERGENTEN, 
SCHLANKEN ROTATIONSKORPERN BEI MASSIG 
HOHEN UBERSCHALLGESCHWINDIGKEITEN. 

H. R. Voellmy. ETH Inst. ftir Aerodynamik, 
Mitteil. No. 24, 1958. 82pp. 27refs. In German. 
Experimental investigation on various strongly 
convergent slender bodies of revolution in the case 
of moderately high supersonic velocities in order 
to verify the theory derived on the basis of line- 
arized flow equations. Includes description of ex- 
perimental procedures and installation, as well as 
determination of boundary layer effect when the 
viscosity is taken into account. 


AN EXPERIMENTAL INVESTIGATION OF VIS- 
COUS EFFECTS ON STATIC AND IMPACT PRES- 
SURE PROBES IN HYPERSONIC FLOW. M. L. 
Matthews. GALCIT Memo. 44, June 2, 1958. 38 
pp. 24 refs. Results of the wind-tunnel investiga- 
tion indicate that viscous effects on impact pres- 
sure probes are important for free stream Reyn- 
olds Numbers below 6, 000 and 5.4<M<5.7. For 
80< Re <6, 000 the measured impact pressure is 
less than the inviscid value. The maximum devia- 
tion was 2.3% at a Reynolds Number of 200. For 
Re < 80 the measured impact pressure was greater 
than the inviscid value. The investigation of static 
pressure probes at a Mach Number of 5.8 anda 
free stream Reynolds Number of 16, 000 based on 
the probe diameter shows a very thick and rapidly 
growing boundary layer over the probe surface. 
The boundary layer thickness on the 10° cone nose 
probe is several times that of the probe radius. 


STUDIES IN MAGNETO-AERODYNAMICS. I - 
ONE-DIMENSIONAL FLOWS. II - STABILITY OF 
LAMINAR BOUNDARY LAYER. H. Li, I. Michel- 
son, and J. Rabinowicz. Odin Assoc. TR 102-1 
(AFOSR TR 58-28) [AD 152206], Dec., 1957. 43 
pp. Examination of the governing equations of 
magnetoaerodynamics for the weak interaction ap- 
proximation.. It is found that, for the case where 
RyR} << 1, it is possible to treat the magnetoaero- 
dynamic interaction as a simple additional body 
force. The approximate equations for weak inter- 
action are derived and applied to several one-di- 
mensional flows including the propagation of small 
disturbances and the one-dimensional channel flow. 
The neutral stability of the boundary layer for a 
flat plate in the presence of a magnetic field is de- 
termined, Results indicate that the application of 
a magnetic field is unstabilizing in the case of the 
boundary layer flow with a transverse magnetic 
field fixed relative to the plate. 


SOME PROBLEMS OF MAGNETOGASDYNAMICS 
WITH ACCOUNT OF FINITE CONDUCTIVITY. 
G. S. Golitsyn and K. P. Staniukovich. (Zhurnal 
Teoret. i Exper. Fiz., Dec., 1957, pp. 1,417- 
1,427.) Sov. Phys.-JETP, June, 1958, pp. 1, 090- 
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18 refs. 
problems of one-dimensional motion for a medium 


Translation. Analysis of several 
possessing arbitrary conductivity. It is shown that, 
if conductivity is taken into account, the equations 
of magnetogasdynamics become parabolically de- 
generate. The set of equations is replaced by an 
approximate but completely hyperbolic set for 
which the characteristics are found. It is shown 
that the equations of a stationary one-dimensional 
flow have a singularity where the flow velocity is 
equal to the local sound velocity. Conditions of the 
transition of the flow velocity through this critical 
value under the action of a magnetic field have been 
studied. Small oscillations in a conducting medium, 
shock waves, and the structure of the shock are 
investigated. 


MAGNETOHYDRODYNAMIC -HYPERSONIC 
FLOW PAST A BLUNT BODY. W. B. Bush. J. 
Aero/Space Sci., Nov., 1958, pp. 685-690, 728. 
Analysis of the flow field near the stagnation point 
of an axisymmetric blunt body in hypersonic flow 
having a spherical detached shock. A magnetic 
field is applied to the fluid in the shock layer which 
is assumed to be incompressible, inviscid, and 
of constant electrical conductivity. A family of 
solutions is found for which the body shape is a 
sphere concentric with the detached shock. For 
this family of solutions, the standoff distance and 
pressure relief increase with increasing magnetic 
field strength. Moreover, with increasing magnet- 
ic field strength, the gradient of the tangential ve- 
locity at the body decreases. 


MAGNETOHYDRODYNAMIC DISTORTION OF 
A MAGNETIC FIELD DUE TO A UNIFORM FLOW, 
D. S. Falk. Avco Res. Lab. RR 29, Apr. 30, 
1958. 6 pp. Presentation of an exact solution for 
the distortion of the magnetic field of a straight 
wire of vanishing diameter, due to the uniform 
flow of a fluid with constant scalar conductivity, 
in the limit where the effect of the field on the flow 
is neglected. 


THE MAXIMUM DISTURBANCE GROWTH 
RATE FOR AN UNSTABLE PLASMA COLUMN. 
Shobu Kaneko. Phys. Soc. Japan J., Aug., 1958, 
pp. 947-953. Derivation of a dispersion relation 
for a self-pinched plasma column enclosed by a 
conducting wall for the case of a model with both 
surface sheet current and uniform volume current. 
The maximum disturbance growth rate for the in- 
stability is calculated on the basis of this disper- 
sion relation. It is shown that both the uniform 
volume current and longitudinal magnetic flux out- 
side the plasma column decrease the stability and 
make the growth rate faster, the effect of the mag- 
netic flux being larger. 


PROPERTIES OF AN IONIZED GAS OF LOW 
DENSITY IN A MAGNETIC FIELD. IV. S. Chan- 
drasekhar, A. N. Kaufman, and K. M. Watson. 
Ann. Phys., Sept., 1958, pp. 1-25. Description of 
a systematic method for solving the Boltzmann e- 
quation for the steady states of an ionized gas of 
low density in a strong magnetic field. The solu- 
tion is developed as a'‘series in inverse powers of 
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the gyration frequency] , assuming that the term 
representing the Lorentz force in the Boltzmann 
equation dominates all others. The solution is ex- 
plicitly carried out to the first order ines’ . Ex- 
pressions for the drifts which arise in the first or 
der are also obtained. 


PRELIMINARY RESULTS OF PLASMA HEAT- 
ING OF HIGH SPEED AIR FLOW. R. L. Chuan. 
USCEC Rep. 56-203 (AFOSR TN 58-650) [AD 162 
182], July 31, 1958. 8 pp. Presentation of prelim- 
inary experimental results from a simple modelin 
which supersonic flow of nominal Mach Number 
3.5 and Reynolds Number 2, 000 (percm. )is heated 
by the decay of a plasma. The process of plasma 
heating and the experimental apparatus used are 
described. The maximum stagnation temperature 
attained is 934°C. at a mass flow of 0.15 gm. /sec., 
which represents at net heat input rate of about 100 
watts. Inputs up to 300 watts have been achieved 
at higher mass flows and higher static pressures. 


IONIZATION PHENOMENON OF SHOCK WAVES 
IN OXYGEN-NITROGEN MIXTURES. S. C. Lin. 
Avco Res. Lab. RR 33, June, 1958. 23 pp. 15 
refs. USAF-sponsored description of an experi- 
mental method for studying the ionization phenom- 
enon associated with shock waves in gases. By 
proper choice of experimental conditions, the 
method should allow a direct and unambiguous de- 
termination of the electron density and the averag- 
ed electron-molecule and atom interaction cross 
section as functions of distance behind the shock 
front. Some preliminary results obtained for shock 
waves in a number of oxygen-nitrogen mixtures 
are presented. 


TRANSPORT AND THERMODYNAMIC PROP- 
ERTIES IN A HYPERSONIC LAMINAR BOUNDARY 
LAYER - AEROPHYSICS RESEARCH MEMO 10. 

S. M. Scala and Ch. W. Baulknight. G-E MOSD 
TIS 58SD232, Apr. 25, 1958. 49 pp. 31 refs. Cal 
culation of the transport and thermodynamic prop- 
erties of the components of dissociated air by the 
use of formulas of statistical mechanics, the Len- 
nard-Jones 6:12 model for the molecular species 
where appropriate, and the rigid sphere model for 
the atomic species. These data are then used in 
performing boundary layer analyses. Some typi- 
cal results are presented for the case in which dis- 
sociated air was treated as a binary mixture of 
“air atoms" and “air molecules." 


COMPRESSIBLE LAMINAR FLOW AND HEAT 
TRANSFER ABOUT A ROTATING ISOTHERMAL 
DISK. Simon Ostrach and P. R. Thornton. US, 
NACA TN 4320, Aug., 1958. 18 pp. Study of flow 
and heat transfer about a rotating isothermal disc 
to include the effects of compressibility and prop- 
erty variations. If viscous dissipation is neglected 
the compressible problem is correlated to the in- 
compressible problem by assuming linear varia- 
tions of viscosity and thermal conductivity with 
temperature. Certain inaccuracies in several pre 
vious incompressible solutions are noted and cor- 
rected. The effect of compressibility appears as 
a distortion of the normal coordinate and normal 
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velocity component, and as multiplicative factor in 
the heat-transfer coefficient, the Nusselt Number, 
and in the expressions for the skin-friction compo- 
nents and torque required to rotate the disc. 


A THEORETICAL INVESTIGATION OF THE 
INTERACTION BETWEEN SHOCK WAVES AND 
BOUNDARY LAYERS. M. Honda. J. Aero/Space 
Sci., pp. 667-678. 27 refs. Analysis of a self- 
inducing type of flow appearing in the interaction 
process between shock waves and laminar and tur- 
bulent boundary layers. The development of the 
laminar boundary layer is described by using the 
momentum and energy integral equations on the 
usual boundary-layer assumptions. The develop- 
ment of the turbulent boundary layer with adverse 
pressure gradients in incompressible and com- 
pressible flow is treated semiempirically. The 
layer is dividedinto two regions - inner viscous 
layer adjacent to the wall and the outer inviscid 
layer. The growth of the inner viscous layer, fol- 
lowing Karmén's dynamic similarity law, is deter- 
mined by the flow conditions at the inner edge of 
the outer inviscid layer. The obtained results a- 
gree fairly well with those of the experiments. 


AERODYNAMICS OF RAREFIED GASES. R.F. 
Probstein. Brown U., Div. Eng., USAF WADC 
TN 58-228[AD 155819], July, 1958. 31 pp. 17 refs. 
Presentation of some general results relating to 
the aerodynamics of rarefied gases. The meaning 
of “rarefied gas flow" is briefly discussed andits 
parameters introduced. Slip and temperature 
jump are described, and a new broad classification 
of the regimes of rarefied gas flow is given. It is 
pointed out that the "intermediate" regime between 
where boundary-layer theory and free molecule 
theory is valid may, except "very close" to the free 
molecule condition, be treated by continuum theory 
at least for determining mean aerodynamic coef- 
ficients. Free molecule flows are briefly develop- 
ed, and the concept of a first-order collision re- 
gime where the local Knudsen Number is large is 
examined. It is shown that there exists a simili- 
tude for the pressure forces on bodies, for shear, 
and for heat transfer for a hypersonic free mole- 
cule flow. 


CONTINUUM THEORY AND RAREFIED HY- 
PERSONIC AERODYNAMICS. R. F. Probstein. 
Brown U., Div. Eng., USAF WADC TN 58-145 
[AD 155587}, July, 1958. 27 pp. 12 refs. Predic- 
tion of mean viscous aerodynamic characteristics, 


such as surface heat transfer rate and skin friction, . 


of blunt bodies flying at hypersonic speeds under 
rarefied gas conditions. At sufficiently high alti- 
tudes the appropriate mean free path of the flow 
becomes too large for the use of boundary layer 
theory but not large enough that free molecule con 
cepts apply; this "intermediate" regime is studied. 
The regimes of rarefied gas flow and the limits of 
continuum theory are defined and the use of the 
Navier-Stokes equation as a model is proposed. 
This satisfies overall conservation laws and gives 
a reasonably accurate picture of all mean aerody- 
namic quantities. It is shown that in the interme- 
diate regime there are two fundamental classes of 
problems, a "viscous layer" class and a “merged 
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layer" class, the latter corresponding to a larger 
degree of rarefaction. For a sphere and cylinder 
it is shown that new exact solutions of the Navier- 
Stokes equations can be obtained for both the vis- 
cous and merged layer class of problems. Some 
numerical results are given for illustration pur- 
poses. 


REVERSE FLOW AND SUPERSONIC INTER- 
FERENCE, J. H. Clarke. Brown U. Div. Eng. 
(AFOSR TN 58-625) [AD 162155}, July, 1958. 42 pp. 
26 refs. Presentation of a general analytic proof 
of the invariance of the drag of an arbitrary spatial 
distribution of horseshoe vortices and sources un- 
der reversal of the undisturbed flow from a volu- 
metric formulation of the momentum theorem of 
linearized theory. A reverse-flow relation for 
steady subsonic or supersonic flow is obtained and 
may be applied as well to arrangements containing 
bodies whose surfaces are not quasi-cylindrical 
and whose surface pressures are not linearly relat- 
ed to the perturbation velocity. The reverse flow 
relation is used to determine the drag and lift of 
several interfering two-body arrangements in su- 
personic flow. The invariance of the drag under 
flow reversal with unchanged geometry is estab- 
lished. The role of edge forces in the result is 
discussed. 


KINEMATICS OF HOMOGENEOUS TURBULEN- 
CE. Garrett Birkhoff and J. Kampé de Fériet. 
J. Math. & Mech., Sept., 1958, pp. 663-703. 14 
refs. ONR-supported analysis of the kinematics 
of homogeneous turbulent velocity fields at a par- 
ticular time t. The random vector fields (R. V.F.) 
are considered with q components in p-dimension- 
al space RP, A procedure to define R.V.F. is de 
scribed. The connections between admissible and 
“measurable R.V.F.,'' and the fundamental prop- 
erties of the covariance matrix of an admissible 
random velocity field are established. It is shown 
that any matrix satisfying a set of conditions on 
every compact D is the covariance matrix of a u- 
nique normal admissible R.V.F. The notions of 
homogeneity and isotropy are examined. Spectral 
matrix measures S; ;(K) are introduced. The 
case of real vector fields is examined, establish- 
ing a one-one correspondence between the class of 
normal admissible real homogeneous R.V.F. and 
the class of spectral matrix measures satisfying the 
symmetry condition S; ,.(-K) Sj ,(K). The par- 
ticular case of isotropic, incompressible vector 
fields is examined. It is concluded that the class 
of admissible normal R. V.F., having the proper- 
ties usually assumed in the kinematic theory of ho- 
mogeneous isotropic turbulence, corresponds one- 
one to the class of energy distributions € (x) in 
wave number space. 


DEGENERATE WAVES IN UNSTEADY GAS 
FLOW. D. Naylor. J. Math. & Mech., Sept., 
1958, pp. 705-722. Development of a theory of 
waves in the unsteady spatial flow of a gas. Flows 
of the type q (A, » ), a (A, 4, t) are investigat- 
ed; they occupy an intermediate position between 
the double and triple waves of Giese's theory. The 
Monge-Ampere equation is integrated. and simpli- 
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fied by taking A as an independent variable. Bya 
further change of variable the problem is reduced 
to the integration of a linear equation of the Euler- 
Poisson type; the general integral of this equation 
may be written down explicitly. It is shown that 
no double waves exist in the unsteady plane flow 
of a gas, and that the lines of constant velocity may 
not be generated from a fixed straight line. A 
simplified theory of spatial simple waves is present- 
ed, representing flows of considerable generality. 
The theory of unsteady simple waves in plane flow 
is extended to three dimensions and progressive 
waves are described. 


Internal Flow 


THE INTERNAL FLOW PROBLEM IN AXxI- 
SYMMETRIC SUPERSONIC FLOW. J. J. Mahony. 
Royal Soc. (London) Philos. Trans., Ser, A, Sept., 
1958. 2l pp. 19 refs. Presentation of a scheme 
of approximate solution for the steady supersonic 
flow in a circular duct of slowly varying cross sec- 
tion for the cases when the conventional linearized 
theory fails. A simple method is also obtainedfor 
converting the singular portions of the ordinary 
solution into a form valid within wave fronts. The 
problem of an expansive discontinuity in the slope 
of the duct wall is discussed and the details of the 
flow are clarified. It is shown that both the veloc- 
ity and the velocity gradients are finite on the 
Mach lines where previous theories predicted sin- 
gularities. Nevertheless, a shock wave is formed 
in the reflection of the expansion wave from the 
axis of the duct, no matter how small the initial 
disturbance. 


EFFECT OF SLIGHT MODIFICATIONS OF 
BOUNDARY ON POTENTIAL TRANSONIC CHAN- 
NEL FLOW. Chieh-Chien Chang and Chong-Wei 
Chu. Minn. U. Inst. Tech. Dept. Aero. Eng. SF 
Res. Rep. 2 (AFOSR TN 58-526) [AD 158339], 
June, 1958. 23 pp. 10 refs. Extension of results 
derived by Chang and Chu in which a symmetrical 
neighboring solution of Temple- Yarwood transonic 
channel flow along a slightly less convex but still 
analytic inner boundary was obtained numerically 
with the relaxation method. Two types of symmet- 
rical inner channel boundary are considered: a 
slightly less convex contour and a slightly more 
convex contour than that of the original Temple- 
Yarwood flow. First, an unsymmetrical flow so- 
lution of the case of the slightly less convex contour 
is obtained. Secondly, the case of a slightly more 
convex analytical contour is investigated. Both the 
symmetrical and the unsymmetrical flow solutions 
are also obtained with the relaxation method. Phys- 
ical reasoning indicates that the unsymmetrical 
potential flow solutions are more likely to occur. 
It is found that, within the chosen accuracy, poten- 
tial transonic neighboring solutions exist for both 
the more convex and the less convex boundaries. 


ON THE MIXING OF TWO PARALLELSTREAMS 
Lu Ting. Polytech. Inst. Bklyn., Dept. Aero. 
Eng. & Appl. Mech., PIBAL Rep. 441 (AFOSR TN 
58-628) [AD 162158], July, 1958. 26 pp. 12 refs. 
Derivation,from the compatibility condition of the 
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higher order approximation,of the proper third 
boundary condition for the mixing of two parallel 
streams. It is shown that the commonly adopted 
third boundary condition of balancing of transverse 
momentum is correct only for the mixing problem 
of two semi-infinite incompressible streams. For 
the fulfillment of the proper third boundary condi- 
tion, the possibility of introducing the similar so- 
lution of the Blasius type is examined for various 
cases. 


AN EXPERIMENT ON COMPRESSIBLE FLOW 
PERTURBATIONS. T. A. d'Ews Thompson and 
R. E. Meyer. Brown U., Div. Appl. Math. Rep. 
(AFOSR TN 58-447) [AD 158253], June, 1958. 23 


pp. Experimental determination of the effect which 
a slight tilting of the liners of a supersonic wind- 
tunnel nozzle has on the Mach Number distribution 
in the test rhombus. Three contributions to the 
Mach Number perturbation are clearly distinguish- 
ed. It is shown that the first-order subsonic and 
transonic perturbations of the flow may be neglect- 
ed compared with the supersonic perturbations, 
and that appreciable effects not accounted for by 
the first-order theory occur when the flow pos- 
sesses high local pressure gradients. The appear- 
ance of axisymmetrical and three-dimensional 
shock waves in the flow field is discussed. 


Jet Flaps & Wings 


THE USE OF BOUNDARY LAYER CONTROL 
TO ESTABLISH FREE STREAM-LINE FLOWS, 
BEING AN INTRODUCTION TO THE FREE 
STREAM-LINE FLAP. D,. G. Hurley and N. Rug- 
len. Australia, ARL Rep. A.109, Apr., 1958. 69 
pp. Investigation of a scheme for improving the 
low-speed properties of wings in the presence of 
leading edge separation. Boundary layer control 
is used to reattach the flow to the leading edge ofa 
forward facing flap which is hingedto the upper sur- 
face of the wing. Experiments are carried out on 
a simplified arrangement consisting of two flat 
plates hinged together at their rear. The edge of 
the upper plate is rounded and equipped with a sin- 
gle blowing slot. It is found that, when the angle 
between the plates is 30°, flows could be establish- 
ed which closely resemble the potential solutions. 
The free streamline envisaged by the theory is re- 
placed in practice by a mixing region whose devel- 
opment can be calculated with reasonable accuracy 
using mixing length methods. 


FLOW ABOUT AEROFOILS WITH SPLIT 
FLAPS WITH APPLICATION TO CIRCULATION 
CONTROL BY SUCTION. Appendix A - MODIFI- 
CATION OF BASIC FORMULAE IF THE SINK IS 
PLACED AT A POINT IN THE FLUID. Appendix 
B - LIMITING FORMS OF THE CUBIC EQUATION. 
Appendix C - LIFT AND PITCHING MOMENT OF 
A FLAT PLATE WITH A CONVENTIONAL FLAP. 
Appendix D - ALTERNATIVE METHOD OF CAL- 
CULATING AEROFOIL PARAMETERS. Appendix 
E - PROOF THAT THE ROOTS OF THE CUBIC 
EQUATION ARE REAL, L,. G. Whitehead, F. 
Cheers, and P. Mandl. Canada, NAE LR 226, 
Apr., 1958. 86 pp. Investigation considering the 
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influence of source or sinks, placed at suitable 
points, on the aerodynamic characteristics of air- 
foils with split flaps. A method is described by 
which an airfoil with a split flap can be transform- 
ed into acircle. The theory is then used to calcu- 
late the lift obtained from a source placed in the 
angle between flap and airfoil. Extension is made 
to the problem of suction as a means of circulation 
control. Formulas for lift, moment, and center 
of pressure location are derived and presented 
graphically as functions of incidence and flap set- 
ting. The calculated lift coefficients, although in- 
dicating the correct trends in regard to changes in 
the major variables, were found to be consistently 
larger than the corresponding experimental values. 


EXPLORATORY WIND-TUNNEL INVESTIGA- 
TION AT HIGH SUBSONIC AND TRANSONIC 
SPEEDS OF JET FLAPS ON UNSWEPT RECTAN- 
GULAR WINGS. V. E. Lockwood and R. D. Vog- 
ler. US, NACA TN 4353, Aug., 1958. 37 pp. 
Study to determine the lift augmentation of several 
jet-flap configurations over a Mach Number range 
from 0.40 to 1.10. Thrust recovery characteris- 
tics of some of the thick-wing configurations are 
also determined. The results indicate that the 
lift can be increased at any Mach Number by blow- 
ing downward through a number of closely spaced 
holes along and near the trailing edge of the wing. 
The ratio of induced circulation lift to the lift com- 
ponent of the jet reaction increased with Mach Num- 
ber up to high subsonic speeds, and then decreas- 
ed through the transonic speed range. The induced 
circulation lift was greatly reduced when the jet 
location was moved from near the trailing edge to 
the 73% chordline. A jet-augmented flap which 
used blowing from a slot on the upper surface in 
combination with a round trailing edge lost its ef- 
fectiveness at Mach Numbers of 0.60 or greater. 


Stability & Control 


CHARTS OF PEAK AMPLITUDES IN INCI- 
DENCE AND SIDESLIP IN ROLLING MANOEU- 
VRES DUE TO INERTIA CROSS COUPLING. Ap- 
pendix I - THE PRODUCT TERMS IN THE EULER 
EQUATIONS AS CENTRIFUGAL MOMENTS. Ap- 
pendix II - PHYSICAL EXPLANATION OF THE 
DIVERGENCIES DUE TO ROLLING. W. J. G. 
Pinsker. Gt. Brit., RAE Rep. Aero.2604, Apr., 
1958. 82 pp. Presentation of charts, based on a 
series of systematic analog computations, for a 
general family of rolling and rolling pull-out ma- 
neuvers of aircraft subject to inertia cross cou- 
pling. The principal parameters governing the 
stability and response characteristics of aircraft 
in rolling maneuvers are discussed, and formulas 
and data are given for their determination. 


EFFECTS OF FREQUENCY AND AMPLITUDE 
ON THE YAWING DERIVATIVES OF TRIANGULAR, 
SWEPT, AND UNSWEPT WINGS AND OF A TRI- 
ANGULAR-WING-FUSELAGE COMBINATION WITH 
AND WITHOUT A TRIANGULAR TAIL PERFORM- 
ING SINUSOIDAL YAWING OSCILLATIONS. Wil- 
liam Letko and H. S. Fletcher. US, NACA TN 4390, 
Sept., 1958. 52 pp. Description of the test proce- 
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dure, and of the experimental apparatus and wing 
models used. The results indicate that, exceptfor 
the complete wing-fuselage-tail configuration, the 
damping in yaw and the rolling moment due to yaw- 
ing increase with angle of attack, and at high angles 
of attack the oscillatory values are considerably 
greater than the steady-state values. The values 
of the oscillatory derivatives for the complete- 
model configuration are considerably greater than 
the steady-state values through the entire angle-of- 
attack range. In general, the greatest changes in 
yawing derivatives with amplitude and frequency 
occurred in the low range of amplitude and frequen- 
cy. The results of the present investigation are 
compared to previous test results. 


APPROXIMATE METHOD FOR CALCULATING 
MOTIONS IN ANGLES OF ATTACK AND SIDESLIP 
DUE TO STEP PITCHING- AND YAWING-MO- 
MENT INPUTS DURING STEADY ROLL. M. T. 
Moul and T. R. Brennan. US, NACA TN 4346, 
Sept., 1958. 42 pp. Derivation of methods which 
are intended primarily for rolling-velocity condi- 
tions in which rolling divergence is not encounter- 
ed. From the calculated angles of attack and side- 
slip, preliminary estimates of aircraft loads for 
design purposes can be made. Motions calculated 
with the simplified method are compared with exact 
solutions of the five-degree-of-freedom equations. 


Wings & Airfoils 


THE THEORY OF A THIN, SLENDER, CONI- 
CAL WING WITH THE WING BOUNDARY CONDI- 
TION APPLIED AT ITS SURFACE. Appendix - 
THE EVALUATION OF TWO DEFINITE INTE- 
GRALS. J. H. B. Smith. Gt. Brit., RAE Rep. 
Aero.2602, Mar., 1958. 3l pp. 14 refs. Calcula- 
tion of lift and drag forces acting on a thin slender 
delta wing cambered to form part of the surface 
of a circular cone, in a type of flow where separa- 
tion is from the trailing edge only. The boundary 
condition satisfied by the flow on the wing surface 
is applied there, instead of on a nearby plane, as 
is usual in linearized theory. This has relatively 
little effect on the overall forces on a wing ata 
given incidence. However, a large discrepancy 
arises between the overall forces at the incidence 
for which the singularity in the pressure at the 
leading edge vanishes, as calculated by the present 
and by the usual linearized theory. This is partic- 
ularly important, since it is at this incidence that 
the type of flow treated is expected to be realized 
in a physical fluid. The lift-dependent drag factor 
found is below the usual linearized-theory value 
for the type of wing at the incidence of no leading 
edge singularity; and, for a large lift, is below u- 
nity, which is the minimum for a trailing vortex 
sheet which is effectively flat. 


KRYLO KONECHNOGO RAZMAKHA V SZHIMA- 
EMOM POTOKE S SIMMETRICHNYM PROFILEM. 
E. A. Krasil'shchikova. AN SSSR Dokl., May l, 
1958, pp. 51-54. In Russian. Investigation cover- 
ing the rectilinear motion of a thin wing of finite 
span with zero angle of attack. The wing is as- 
sumed to be of arbitrary shape, but its surface is 
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symmetrical in relation to the plane of motion. A 
formula is derived for an arbitrary motion at zero 
incidence with both subsonic and supersonic veloci- 
ties. Includes discussion of the case of motion 
with constant speed and analysis of the problem in 
a moving system of coordinates. 


ANALYTICAL AND EXPERIMENTAL INVESTEL 
GATION OF AERODYNAMIC FORCES AND MO- 
MENTS ON LOW-ASPECT-RATIO WINGS UNDER- 
GOING FLAPPING OSCILLATIONS. D. S. Wools- 
ton, S. A. Clevenson, and S. A. Leadbetter. US, 
NACA TN 4302, Aug., 1958. 25 pp. Comparison 
of theoretical and experimental results for a rec- 
tangular wing of aspect ratio two. Calculated re- 
sults are also given for three tapered wings of as- 
pect ratio three with varying amounts of sweepback. 
The calculations are based on a numerical solution 
of the integral equation of subsonic lifting-surface 
theory. The experimental techniques employed 
are essentially those used in previous measure- 
ments associated with oscillations. Theory and 
experiment are generally in good agreement with 
regard to magnitude of the forces and moments, 
but differ with regard to phase angle. 


AIRFOIL IN A SONIC SHEAR FLOW JET -A 
MIXED BOUNDARY VALUE PROBLEM FOR THE 
GENERALIZED TRICOMI EQUATION. Appendix 
I - JUMP CONDITION. Appendix Il - KUTTA- 
JOUKOVSKY CONDITION. Ch. °C. Chang and T. 
S. Lundgren. Minn. U. Inst. Tech. Dept. Aero. 
Eng. AR Rep. 1 (AFOSR TN 58-521) [AD 158334], 
May, 1958. 32 pp. ll refs. Analysis of small per 
turbations of a nonuniform two-dimensional flow 
of a compressible inviscid fluid. It is shown that, 
for a particular class of Mach Number distribu- 
tions which are characterized by a sonic line, the 
linearized compressible shear flow equation can 
be transformed into the generalized Tricomi equa- 
tion. The mixed boundary value problem which 
results from considering perturbations generated 
by a two-dimensional camber surface is formulat- 
ed and solved by utilizing the Wiener-Hopf tech- 
nique. 


THEORETICAL AND EXPERIMENTAL ANAL- 
YSIS OF A COWLING AS A MEANS OF DRAG RE- 
DUCTION FOR AN AXISYMMETRIC CENTER 
BODY. Marian Visich, Jr., and Anthony Martel- 
lucci. Polytech. Inst. Bklyn., Dept. Aero. Eng. 
& Appl. Mech., PIBAL Rep. 451 (AFOSR TN 58- 
760) [AD 162273], Aug., 1958. 35 pp. 13 refs. 
Investigation using nonlinear techniques for the 
drag reduction of a system containing a large vol- 
ume per cent length. The design of the body was 
accomplished by the method of characteristics for 
axisymmetric irrotational flow for zero angle of 
attack. The reduction is accomplished by reflect- 
ing the conical shock generated from the apex of 
the centerbody on to the boat-tailed rear part. For 
the optimum configuration considered, a total drag 
reduction of 61.8% was measured over the center 
body alone. Comparison of the total drag of the 
optimum cenfiguration to that of a cone with the 
same volume and length as the centerbody indi- 
cates a reduction of 47%. 
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NOTES ON THE USE OF ARTIFICIAL DISTRI- 
BUTIONS OF SINGULARITIES IN SUPERSONIC 
MINIMUM DRAG PROBLEMS. E. W. Graham. 


Douglas Rep. SM-23022, Dec., 1957. 19 pp. 25 


refs. Application of artificial distributions of sin- 
gularities for the reduction of certain supersonic 
minimum drag problems in three-dimensional space 
to two-dimensional potential flow problems. Some 
of the characteristics of artificial distributions 

are discussed and illustrated by two examples: (a) 
a problem of minimum drag for a fixed base area 
and (b) minimum drag for a fixed volume. 


10 ft. x 7 ft. TUNNEL TESTS UP TOM 0,94 
OF NOSE DROOP AND A BLUNT-NOSED NACA 
3-00 TYPE SECTION ON A 7 1/2 PER CENT 
THICK 50° SWEPT WING. A. L. Courtney. Gt. 
Brit., RAE TN Aero.2556, Mar., 1958. 44 pp. 
24 refs. Description of tests made to improve the 
subsonic longitudinal stability characteristics of a 
50° swept wing of aspect ratio 3.1 by means such 
as nose-droop, chord extensions, fences, and 
change of airfoil section. Lift, drag, and pitching 
and root bending moments were measured at Mach 
Numbers up to 0.94 and Reynolds Numbers be- 
tween 1.7 x 106 and 6 x 106. Oil-film flow patterns 
and the occurrence of an unusual adverse scale ef- 
fect on the drooped wings at low Mach Number are 
discussed. It is shown that: (1) none of the section 
changes give any advantage over the basic RAE 
101 section at the highest test Mach Numbers, (2) 
the drooped-nose sections are superior to the 
NACA 3-0007.5 section at all Mach Numbers, and 
(3) the full-span nose-droop is inferior to the part- 
span droop. 


THE CALCULATION OF ORDINATES OF TWIST- 
ED AND CAMBERED HIGH-SPEED WINGS. J. M 
Watt. Gt. Brit., RAE Rep. M.S.55, Apr., 1958. 
10 pp. Presentation of numerical methods based 
on linear aerodynamic theory for the evaluation of 
the chordwise slope of thin wings designed for su- 
personic flight. The plan form and pressure loading 
are assumed, and only wings with edges swept back 
at angles greater than the Mach angle are consider 
ed. 


EFFECTS OF SOME CHANGES IN BODY 
LENGTH AND NOSE SHAPE ON THE AERODY- 
NAMIC CHARACTERISTICS OF WING-BODY COM- 
BINATIONS AT SUPERSONIC SPEEDS. S. Tomlin 
and A. Stanbrook. Gt. Brit., RAE TN Aero. 2542, 
Feb., 1958. 21 pp. Investigation on three bodies 
at Mach Numbers.of 1.42 and1.61,tested both alone 
and in combination with each of two wings. The 
increments in the forces and moment resulting 
from the addition of the wing to the body varied 
little with the different body shapes tested. 


HIGH REYNOLDS NUMBER TESTS ON A 70° 
L.E. SWEEPBACK DELTA WING AND BODY 
(H.P. 100) IN THE COMPRESSED AIR TUNNEL. 
R. W. F. Gould and C. F, Cowdrey. Gt. Brit., 
ARC CP 387, 1958. 23 pp. BIS, New York, $0.63, 
Presentation of values for lift, drag, and pitching 
moment coefficients for a wing-body model over a 
range of Reynolds Numbers from 1 x 10° to 12 x106 
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and at incidences up to 429°, Photographs of an oil- 
titanium oxide mixture on the surface,indicating flow 
directions, are included. The tests confirm the expec- 
tation that there would be no appreciable scale effect 
on the force and moment coefficients over the range 
of Reynolds Numbers tested. The surface flow 
patterns follow the changes generally associated 
with swept wings and do not reveal any sudden 
changes with incidence likely to account for the 
particular shape of the pitching moment curves. 


AEROELASTICITY 


SOME PANEL-FLUTTER STUDIES USING PIS- 
TON THEORY. D. J. Johns. J. Aero/Space Sci., 
Nov., 1958, pp. 679-684, 715. Analysis of the problem 
of a flat unbuckled panel and derivation, using the 
linear piston theory, of the flutter boundaries for 
rectangular simply supported panels and clamped- 
edge elliptic panels, for Mach Numbers greater 
than V2. Justification is provided for the use of 
"static" air forces, neglecting aerodynamic damp- 
ing, and it is concluded that Ackeret theory is 
more accurate than piston theory, especially at 
low Mach Numbers. The results for the rectangu- 
lar panels agree well with those of other studies 
using more complex unsteady aerodynamic forces. 
Flutter equations are solved by applying Galerkin's 
method to a Rayleigh-type analysis using assumed 
modes of deformation. 


OB USTOICHIVOSTI UPRUGOI PLASTINKI 
PRI SVERKHZVUKOVOM OBTEKANII. Dun Min- 
De. AN SSSR Dokl., June 1, 1958, pp. 726-729. 
In Russian. Application of the linearized theoryto 
the solution of the problem covering the stability 
of an elastic plate in supersonic flow, reduced to 
the solution of integral differential equations. The 
aerodynamic pressure over the surface of the plate 
is calculated on the basis of Cauchy-Lagrange e- 
quation for oscillating wings of infinite span, taking 
into account the compatibility conditions of oscilla- 
tions of an elastic plate and a gaseous medium in 
the immediate vicinity of its surface. 


EQUIVALENT CONFIGURATIONS IN FLUTTER 
ANALYSIS. J. D. C. Crisp. Aero/Space Engrg, 
Nov., 1958, pp. 55-61. Proposal of configura- 
tional equivalence as a means of obtaining qualita- 
tive estimates of flutter behavior of configurations 
derived from a standard system whose character- 
istics are fully known. The method is illustrated 
by reference to the binary flutter of a simplified 
three-dimensional wing-aileron system. It is pos- 
sible through this example to demonstrate the sta- 
bilizing influence of the variation of such parame- 
ters as aileron span and position, wing nodallines 
of symmetric and antisymmetric modes, aileron 
twisting modes, and the spanwise position of con- 
trol actuation. 


SUPERSONIC FLUTTER TRENDS AS REVEAL- 
ED BY PISTON THEORY CALCULATIONS. Holt 
Ashley and Garabed Zartarian. USAF WADC TR 
58-74 [AD 155513], May, 1958. 85 pp. 30 refs. 
Interpretation of an extensive series of calculations 
on the bending-torsion, bending-aileron, and tor- 
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sion-aileron flutter properties of a typical-section 
airplane wing model presented in tabular form in 

a previous report. The establishment of the tables 
is reviewed, and their use for preliminary estima- 
tion of high-speed flutter characteristics of lifting 
surfaces is discussed. A dimensionless number 

is defined, equivalent to the structural stiffness 
required for preventing aeroelastic instability of a 
given typical-section wing flying at a given speed 
and altitude in the standard atmosphere. In sub- 
cases of binary flutter this quantity is shown to de- 
pend on 6 to 8 dimensionless parameters. The in- 
fluence on flutter stability of certain of these pa- 
rameters is discussed, including Mach Number 
density ratio parameter, center of gravity location, 
elastic axis location, frequency ratio, radius of gy- 
ration, and airfoil thickness ratio. Results are 
discussed and presented graphically. 


THE EFFECT OF VARIOUS PARAMETERS ON 
WING TORSION-AILERON ROTATION FLUTTER, 
Appendix - THE APPROXIMATE SOLUTION OF 
THE LAGRANGIAN FLUTTER EQUATIONS. A. D. 
N. Smith. Gt. Brit., RAE TN Struc. 239, May, 
1958. 2l pp. Analysis of the effects on wing-ailer- 
on rotation flutter of the following parameters: ai- 
leron circuit stiffness, aileron massbalance, alti- 
tude, and structural damping. It is shown that 
flutter is prevented either by making the aileron 
natural frequency higher than that of the wing tor- 
sion mode, or by reducing the cross inertia be- 
tween the modes below a certain critical value. 
This critical value depends only on three of the 
coefficients of the Lagrangian flutter equations. It 
is concluded that the best means of flutter preven- 
tion is to rely entirely on adequate circuit stiffness, 
using a fully duplicated power system, and to dis- 
pense with massbalance altogether. 


AIRPLANES 
Design 


SOME NOTES ON PRESSURE-CABIN DESIGN. 
P. B. Walker. Aircraft Eng., Sept., 1958, pp. 
272-276. Discussion of methods of joining the 
frame and the skin to insure crack-stopping and 
load distribution. Consideration is also given to 
the type of window frame to prevent fatigue cracks, 
It is shown that for design purposes a pressure 
cabin must be judged as a single entity, with each 
component considered only in relation to all the 
rest. 


MATHEMATICS 


SUR QUELQUES NOUVELLES GENERALISA- 
TIONS DE LA THEORIE DES NOMBRES COMP- 
LEXES ET LEURS APPLICATIONS. I - LESNOM- 
BRES COMPLEXES GENERALISES ET LEUR AP- 
PLICATION EN GEOMETRIE, ALGEBRE, ANA- 
LYSE ET MECANIQUE DES FLUIDES. D. P. Ria 
bouchinsky. France, Min. de l'Air PST 343, 1958. 
166 pp. 36 refs. SDIT, 2, Av. Porte-d'Issy, Pa- 
ris 15, Frs. 2,750. In French. Generalization 
of the theory of complex numbers and their appli- 
cation to problems of geometry, algebra, analysis, 
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and fluid mechanics. 


The latter include subsonic, 
transonic, and supersonic motion of a compressi- 
ble fluid. 


MECHANICS 


SOME RECENT ADVANCES IN THE MECHAN- 
ICS OF TERRESTRIAL FLIGHT. Angelo Miele. 
Jet Propulsion, Sept., 1958, pp. 581-587. 7lrefs. 
Survey of problems in the mechanics of terrestrial 
flight with particular regard to the optimization of 
the trajectories of both quasi-steady and nonsteady 
flight. The optimum problems of quasi-steady flight 
are amenable to treatment by the ordinary theory 
of maxima and minima. For the case where the 
aircraft configuration is given, a new and general 
determinant equation is presented. A general so- 
lution is also presented forthe aerodynamic config- 
uration which is the best for optimizing arbitrary 
performance. Nonsteady flight mechanics lead 
to minimal problems falling in the domain of the 
problems of Bolza, Mayer, and Lagrange of the cal- 
culus of variations. The recent variational litera- 
ture is reviewed with particular regard to the pro- 
graming of the lift distribution, thrust modulus, 
and thrust direction. It is concluded that there is 
an inmediate need for improved methods for inte- 
grating the system of Euler equations and con- 
straining equations, and for solving the associated 
boundary problems. 


METEOROLOGY 
Upper Air Research 


O NEKOTORYKH REZUL'TATAKH OPREDE- 
LENIIA ELEKTRONNOI KONTSENTRATSIL VNESH- 
NEI OBLASTI IONOSFERY PO NABLIUDENIIAM 
ZA RADIOSIGNALAMI PERVOGO SPUTNIKA 
ZEMLI. Ia. L. Al'pert, F. F. Dobriakova, E. F. 
Chudesenko, and B. S. Shapiro. Uspekhi Fiz. 
Nauk, June, 1958, pp. 161-174. In Russian. Pres- 
entation of results on the determination ofelectron 
concentration in the outer region of the ionosphere 
based on observations of radio signals from the 
first artificial satellite. A method for analyzing 
the satellite data, based on the determination of 
the time of "radio-rise" and "'radio-setting" ofthe 
satellite, is presented and the obtained results are 
evaluated. Includes examination of the trajectory 
of radio waves in the ionosphere, calculation of 
the receiving distance, and determination of the 
density of the interplanetary gas. 


MISSILES 


ON THE OPTIMUM TRAJECTORY OF AROCK- 
ET. R. R. Newton. Franklin Inst. J., Sept., 
1958, pp. 155-187. 10 refs. Examination of the 
nature of the mathematical problem posed by opti- 
mizing a rocket trajectory, the possibility of aux- 
iliary or “iso-perimetric" conditions being stress - 
ed. It is shown that an optimum trajectory may be 
found if no more than four (in a two-dimensional 
theory) auxiliary conditions are specified. The 
trajectories to give maximum range and to put a 
satellite into an orbit most efficiently are calculat- 
ed. The study was limited to the problem in vac- 
uum, but a procedure for determining the proper 
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correction in air is also outlined. The effects of 
air on the satellite problem are discussed only 
qualitatively. 


PROBLEMS IN THE DEVELOPMENT OF A 
GUIDED WEAPON. J. Clemow. RAeS J., Sept., 
1958, pp. 663-673. Discussion covering the or- 
ganization of a guided-weapon development pro- 
gram, stressing the importance of trials andmeth- 
ods of conducting them. Such factors as the assess- 
ment and design study, improvement of the aerody- 
namic response, and the cross-coupling effects 
are considered along with problems of fast re- 
sponse and stability. 


PERFORMANCE ESTIMATION OF THE COOL- 
ANT-FUEL SYSTEM. L. Greiner, J. Rabinowicz, 
and A. Zuckerman. Odin Assoc. TR 100-1 (AFOSR 
TR 58-43) [AD 154150}, Dec., 1957. 35 pp. 13 refs, 
Summary of a preliminary investigation of a new 
method for preventing overheating of the external 
structure of a rocket powered aircraft or missile 
traveling at hypersonic speeds within the atmos- 
phere. Rocket fuel is used as a coolant; it main- 
tains the structure at manageable temperatures 
and results in a significant thrust augmentation of 
the rocket engine. By judicious selection of fuels 
heat absorption of 1, 200 to 4,000 BTU/1b. can be 
achieveded with temperature rise from 77° to 
1,500°F., with corresponding augmented specific 
impulse of 300 to 400 sec. A preliminary evalua- 
tion of the flight performance of this system is 
carried out, and a method for determining the flight 
envelope for a missile configuration is presented. 
Cruise range calculations indicate that ranges of a 
few thousand miles are feasible. 


NAVIGATION 


UNE MECANIQUE DES SYSTEMES INERTIAUX; 
UNE THEORIE DE LA GRAVITATION; UNE ME- 
CANIQUE DES PETITES DISTANCES. O. Onices- 
cu. J. Math. & Mech., Sept., 1958, pp. 723-740. 
In French. Presentation of a new system of me- 
chanics, being a direct extension of the Newtonian 
system, applicable both to high speeds and small 
distances. The mechanics of a material point in 
inertial motion are first established;several axioms 
and a principle of motion are then stated. In this 
system of mechanics the theory of inertia is at the 
same time a theory of gravitation. For current 
speeds and distances the equations obtained are 
reduced to Newtonian equations. 


POWER PLANTS 
Jet & Turbine 


SOME INVESTIGATIONS IN THE FIELD OF 
BLADE ENGINEERING. D. Blackwell. (RAeS 
Symposium on Aircraft Propulsion, Mar. 3,1958.) 
RAeS J., Sept., 1958, pp. 633-646. Examination 
of the mechanism of blade failure, blade materials, 
and quality control. A diagrammatical represen- 
tation of the field of blade engineering is made. Com- 
pressor and turbine blade-form failures, as well as 
root fixing failures,are analyzed; the mechanism 
of blade vibration is studied. Experimental studies 
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to determine compressor blade damage are describ 
ed. The derivation of design data from laboratory 
mechanical tests and blade fatigue test results are 
discussed and represented graphically. The selec- 
tion of blade materials and heat-treatment tech- 
niques are described. 


EXHAUST NOZZLES FOR SUPERSONIC AIR- 
CRAFT. H. Pearson. RAeS J., Sept., 1958, pp. 
658-662. Evaluation of various exhaust nozzles 
for supersonic aircraft. The advantages and limi- 
tations of the ordinary convergent nozzle, the con- 
vergent-divergent nozzle, the variable convergent- 
divergent nozzle, and the ejector nozzle for ex- 
panding the exhaust efficiency are described. A 
typical installation of an ejector nozzle is shown 
diagrammatically and thrust increases due to the 
proper nozzle selection are presented. The match- 
ing of air intakes and nozzles is discussed. It is 
concluded that by practical forms of nozzle athrust 
increase at M = 2.5 of about 30% is achievable with 
known test data. 


FUEL SYSTEMS FOR SUPERSONIC ENGINES. 
E. A. Simonis. RAeS J., Sept., 1958, pp. 654- 
658. Description of the supply and control of fuel 
to the main engine combustion chamber. A dia- 
grammatic layout of a supersonic aircraft engine 
is given, and a flight plan for supersonic fuel sys- 
tems is proposed. The use of fuel for cooling pur- 
poses is considered; problems in fuel vapor pres- 
sure, the effects of dirty fuels, and the ability to 
withstand icing are described. Various injection 
methods, such as the spill burner system,are analyz- 
ed,and a comparative study of their respective ad- 
vantages is made. 


Rocket 


RAKETNYE DVIGATELI. I - RABOCHII PRO- 
TSESS I KOEFFITSIENTY POLEZNOGO DEISTVI- 
1A ZhRD. N. E. Konovalov. Vestnik Vozdush- 
nogo Flota, June, 1958, pp. 44-52. In Russian. 
Discussion of the basic design and operating char- 
acteristics of liquid rocket power plants, including 
such factors as fuel consumption, pressure at the 
exit, kinetic energy, and the effect of various noz- 
zle design parameters and overall vehicle charac- 
teristics. 


AN ANALYTICAL STUDY OF TURBULENT 
AND MOLECULAR MIXING IN ROCKET COM- 
BUSTION. Appendix - ANALYTICAL EXPRESSION 
FOR THE RIPPLE FACTOR IN MODEL 1. D. A. 
Bittker. US, NACA TN 4321, Sept., 1958. 22 pp. 
13 refs. Approximate calculations of the diffusion 
of gases performed to evaluate the importance of 
gaseous mixing in rocket combustion. Mixing 
lengths for two simplified diffusion models are cal- 
culated for various turbulence conditions. Results 
are independent of any particular propellant com- 
bination. With sources in a single injection plane, 
mixing occurs in less length than is needed for e- 
vaporation of typical engine sprays. When down- 
stream sources are used to simulate vaporization 
within the chamber, mixing is more significant. 
Calculations only indicate the magnitude of the ef- 
fect since the models used are greatly simplified. 
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EROSIVE BURNING OF A COLLOIDAL SOLID 
PROPELLANT. J. A. Vandenkerckhove. Jet 
Propulsion, Sept., 1958, pp. 599-603. Studymade 
in an attempt to obtain physical understanding of 
erosive burning of a solid propellant, taking into 
account the flame structure. At low pressure the 
burning rate of a double base propellant is entirely 
determined by the heat transfer within the fizz zone 
with no heat exchanged from the high temperature 
flame zone. Therefore it has been assumed that 
erosive burning is due to the effects of turbulence 
within the fizz zone, the threshold velocity corre- 
sponding to the moment when incipient turbulence 
reaches the boundary of the fizz zone. By doing 
so it has been possible to calculate an erosion coef- 
ficient in close agreement with the experimental 
values. 


PROPELLANT VAPORIZATION AS A CRITE- 
RION FOR ROCKET-ENGINE DESIGN; CALCULA- 
TIONS OF CHAMBER LENGTH TO VAPORIZE 
VARIOUS PROPELLANTS. R. J. Priem. US, 
NACA TN 3883, Sept., 1958. 36 pp. Calculation 
of vaporization rates for drops of n-heptane, am- 
monia, hydrazine, oxygen, and fluorine. The per 
cent propellant vaporized is correlated with an ef- 
fective chamber length for various spray conditions 
andvarious engine design and operating parameters. 
The results show that the effective chamber length 
required to vaporize a given high percentage of 
propellantisthe shortest with oxygen andincreases 
for fluorine, heptane, ammonia, and hydrazine in 
that order. 


PROPELLERS 


EFFECT OF ADVANCE RATIO ON FLIGHT 
PERFORMANCE OF A MODIFIED SUPERSONIC 
PROPELLER. J. B. Hammack and T. C,O'Bryan. 
US, NACA TN 4389, Sept., 1958. 20 pp. Results 
of a flight investigation to determine the aerody- 
namic characteristic of a supersonic propeller 
modified by the incorporation of higher than opti- 
mum advance angles. The propeller was designed 
for a forward Mach Number of 0.95, an advance 
ratio of 3.2, and a power coefficient of 0.42. The 
efficiency of the propeller is approximately 79% at 
a Mach Number of 0.95. At lower Mach Number 
the efficiency is higher, being 85% at a Mach Num- 
ber of 0.75.- The departure from the optimum an- 
gle of advance has a small effect for the advance 
ratios investigated. 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


MODIFICATIONS OF THE BASIC SHOCK TUBE 
TO IMPROVE ITS PERFORMANCE, A. L. Russo 
and A. Hertzberg. Cornell Aero. Lab. Rep. AD- 
1052-A-7 (AFOSR TN 58-716) [AD 162251], Aug., 
1958. 43 pp. ll refs. Study of modifications which 
would improve the performance of shock tubes in 
producing higher shock strengths and extend the 
use of hydrogen in generating strong shock waves 
in air. These modifications are the double-dia- 
phragm driver with monatomic buffer gases and 
an area contraction at the diaphragm station. The 
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results indicate that the use of a shock tube with 
an area contraction and the proper monatomic buf- 
fer gas will permit the generation of strong shock 
waves, using cold hydrogen as a driver gas, with 
overall pressure ratios comparable to those re- 
quired for combustion drivers. It is also shown 
that, by using a buffer gas with the proper atomic 
weight, the downstream diaphragm pressure ratio 
may be controlled to minimize the mags of the 
downstream diaphragm. 


STAGNATION TEMPERATURE CONTROL IN 
BLOW-DOWN WIND TUNNELS. J. S. Murphy, Dun- 
can Rannie, and G. W. Timson. J. Aero/Space 
Sci., Nov., 1958, pp. 691-698. 10 refs. Presen- 
tation of a design method for limiting the variation 
of stagnation temperature in a blowdown wind tun- 
nel so that the resultant Reynolds Number variation 
of the test stream is held within acceptable limits. 
Temperature control is accomplished by an instal- 
lation of thermal mass material consisting of thin 
wall metal tubes or a system of flat and corrugated 
metal sheets with uniform air passages in the down- 
stream end of the storage reservoir. The method 
presented has been used to design a thermal mass 
installation for a 1x1 ft. supersonic tunnel. Agree- 
ment between calculated and measured air temper- 
ature variations is shown to be adequate for design 
purposes. 


SUPERSONIC AERODYNAMIC EXPERIMENTS 
USING VERY HIGH TEMPERATURE AIR WIND 
TUNNELS. D. E. Bloxsom, Jr. Jet Propulsion, 
Sept., 1958, pp. 603-609. 15 refs. Presentation 
of aseries of experiments to demonstrate data which 
can be obtained from wind tunnels operating at 
millisec intervals. Supersonic nozzles were con- 
structed and tested by means of jet pressure ob- 
servations, proving that the isentropic equilibrium 
flow computations are valid for such high-temper- 
ature, high-pressure nozzle expansions. The flow 
about models can be observed in the self-luminosi- 
ty of the air. The flow equilibrium studies that 
have been carried out agree with other experimen 
tal shock tube results. Drag and heat transfer 
coefficients are also determined. It is found that 
throat erosion is a very serious problem in this 
type of wind tunnel, due to the high temperatures 
and high heat flux rates. An experimental study 
is presented which demonstrates that tungsten and 
carbon throats are to be preferred if wall vapori- 
zation is the throat cooling technique. 


A HIGH TEMPERATURE STREAM TUBE FOR 
A SUPERSONIC WIND TUNNEL. Appendix A - 
ALLOWABLE COMPRESSOR INTAKE TEMPERA- 
TURE ESTIMATE, Appendix B - MECHANICAL 
DESIGN OF THE "HOT CORE" CIRCUIT. Appen- 
dix C - TEMPERATURE LOSS IN THE STILLING 
SECTION. Appendix D - HEATED CORE NOZZLE 
GOORDINATES. Appendix E - TEMPERATURE 
DATA. Appendix F - PRESSURE AND MACH 
NUMBER DATA, R.H. Adams. MIT NSLTR 
303, May, 1958. 121 pp. 18 refs. Development of 
a method for obtaining data on aerodynamic heating 
encountered by aircraft and missiles at supersonic 
Mach Numbers. A™“'core" of high-temperature 
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air injected slightly downstream of the throat of a 
Mach 3.5 nozzle produces a relatively constant 

Mach Number and temperature region in the 18-in. 
x 18-in. test section. This region of 900°F.. stagna- 
tion temperature air was approximately 7-in. x 7- 
in. and caused no appreciable heating of the tunnel 


structure. The “hot" test area is approximately 
the blocking area of the test section. Thus, by 
heating only one-sixth of the total mass flow of air 
in the test section, the same aerodynamic heating 
models may be tested as if the entire mass flow 
were heated. 


ROTATING WING AIRCRAFT, HELICOPTERS 


EFFECTS OF COMPRESSIBILITY ON ROTOR 
HOVERING PERFORMANCE AND SYNTHESIZED 
BLADE-SECTION CHARACTERISTICS DERIVED 
FROM MEASURED ROTOR PERFORMANCE OF 
BLADES HAVING NACA 0015 AIRFOIL TIP SEC- 
TIONS. J. P. Shivers and P. J. Carpenter. US, 
NACA TN 4356, Sept., 1958. 28 pp. Investigation 
to determine the low tip Mach Number blade maxi- 
mum mean lift coefficient and high tip Mach Num- 
ber compressibility effects. Data are presented 
for blade tip Mach Numbers from 0.27 to 0.81 and 
corresponding Reynolds Numbers from 1.64 x 106 
to 4.78 x 10°, Synthesized rotor-blade section-lift 
and profile-drag-coefficient data derived from ex- 
perimental data are presented and compared with 
previously obtained two-dimensional data. 


LIFT AND PROFILE-DRAG CHARACTERISTICS 
OF AN NACA 0012 AIRFOIL SECTION AS DERIV- 
ED FROM MEASURED HELICOPTER-ROTOR 
HOVERING PERFORMANCE. P. J. Carpenter. 
US, NACA TN 4357, Sept., 1958. 28 pp. 15 refs. 


Derivation of rotor hovering performance for tip 
Mach Numbers from 0.28 to 0.70. The principal 
effect of increasing the blade-tip Mach Number is 
a large increase in blade drag which occurs at a 
progressively lower blade mean lift coefficient as 
the tip Mach Number is increased. 


STRESSES IN A BEAM ROTATING IN A CONI- 
CAL PATH HELICOPTER BLADE SUBJECT TO 
UNIFORM LIFT. J. P. O. Silberstein. Australia, 
ARL S&M Note 242, Apr., 1958. 12 pp. Deriva- 
tion of an exact solution for the deflection and bend- 
ing moments of a rotating beam. Two power series 
solutions are employed to solve the cantilever prob 
lem in which boundary conditions at each end have 
been fitted. An example is evaluated to illustrate 
to what extent computational troubles are overcome 
It is shown that the root bending moment is about 
the same, whether the blade is clamped at the axis 
of rotation or at 15% of its length toward the tip. 


AN ANALYSIS OF THE LATERAL-DIRECTION- 
AL STABILITY AND CONTROL OF THE SINGLE 
ROTOR HELICOPTER. Appendix - CONTROL 
POSITION IN STEADY ASYMMETRIC FLIGHT. 

G. F. Langdon and M. C. Neale. Gt. Brit., AAEE 


Rep. Res/299, May 22, 1958. 32 pp. ll refs. So- 


lutions of the equations of motion showing that the mo- 
tion has three constituent parts, two subsidences, 
and an oscillation. The oscillation is slightly un- 
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stable at very low speeds, but becomes more and 
more damped as the speed of the aircraft is in- 
creased. It is found that increasing altitude reduces 
the damping of the oscillatory motion anddecreases 


the rolling effectiveness of the control. Flight 
measurements of the lateral-directional oscillation 
agree well with theory except for an overestimation 
of period at very low speeds. Consideration is giv- 
en to the effect of varying some design parameters, 
in particular it is shown that a large increase in 
roll damping at very low speeds will stabilize the 
lateral-directional oscillation, and that a decrease 
in roll damping at high speed can lead to the appear- 
ance of a second oscillatory mode which may be 
unstable. 


SPACE TRAVEL 


OSNOVNYE PROBLEMY KOSMONAVTIKI. 
G. V. Petrovich. AN SSSR Vestnik, June, 1958, 
pp. 28-34. In Russian. Survey of the basic prob- 
lems of cosmic navigation covering the develop- 
ment of artificial earth satellites; future possibili- 
ties -- flight to the Moon, return to Earth of man- 
ned vehicles, space stations; and the need for fur- 
ther research in the field of rocket propulsion, 
information-gathering instruments, and telemeter- 
ing, guidance, and navigation systems. 


SATELLITE ORBITS IN THEORY AND PRAC- 
TICE. D. G. King-Hele and R. H. Merson. Brit. 
Interpl. Soc. J., July-Aug., 1958, pp. 446-470. 
20 refs. Analysis of the orbits of Earth satellites, 
taking into account the effects of the Earth's oblate- 
ness and atmosphere. The method of determining 
the orbit from kinetheodolite and theodolite obser- 
vations is described, and a comparison is made 
between theory and observations for Sputnik II. 

The theoretical predictions of the effect of the 
Earth's oblateness are confirmed with good accura~ 
cy, and the rate of rotation of the orbital plane can 
be determined from observation. The effects of 
the atmosphere on the satellite are not in good a- 
greement with theory. In the case of Sputnik II,the 
discrepancies can probably be ascribed to day-to- 
day variations in atmospheric density and changes 
in the mode of rotation of the satellite. 


STRUCTURES 


Elasticity & Plasticity 


ANALYSIS FOR DEEP-DRAWING OF CYLIN- 
DRICAL SHELL BASED ON TOTAL STRAIN THE- 
ORY AND SOME FORMABILITY TESTS. Shinji 
Fukui, Hirozo Yuri, and Kiyota Yoshida. Tokyo 
U., Aero. Res. Inst. Rep. 332, June, 1958. 75 
pp. 10 refs. Study, based on the total strain the- 
ory combined with octahedral shear theory, in 
which the actual process is traced as exactly as 
possible, the local variations of thickness and 
strain hardening being taken into consideration. 
The calculated values of strain distributions and 
punch forces are compared with experimental re- 
sults on phosphor bronze sheets drawn by a plane 
die and a conical die, and good agreement is found 
between them. 
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Plates 


ON AXIALLY SYMMETRICAL PLATES OF 
VARIABLE THICKNESS. F. Essenburg. U. Mich 
Res. Inst. TN 2 (AFOSR TN 58-174) [AD 152205], 
July, 1958. 6 pp. Study of axially symmetric 
plates of variable thickness using the basic equa- a 
tions of the Reissner theory for uniform plates, ; 


with the thickness treated as a function of the mid- 2 
dle plane coordinates. The improvement over the 7 
classical theory provided by the developed tech- _ 


nique is demonstrated on a simple example. 


SMALL DEFLECTION THEORY OF FLAT 
PLATES USING COMPLEX VARIABLES. I - 


CLAMPED PLATES. P. D. Jones. Australia, 
ARL Rep. SM. 260, Jan., 1958. 5l pp. ll refs. 


Solutions to the fundamental boundary equation for 

clamped plates under various loading conditions, 

such as uniform pressure, point loads, and uniform ; 
pressure over a region of the plate. The methods a 
of solution are illustrated by numerical examples. a 
Conformal transformation functions which map par- 

allelogram shaped plates onto the unit circle are a 
discussed in detail. 4 


BENDING OF THE CLAMPED EDGED ANISO- 
TROPIC RECTANGULAR PLATES. Appendix - 
THE LIMITING SUMS OF SOME INFINITE SERIES, 
Chang Fo-Van. Scientia Sinica, July, 1958, pp. 
716-729. Solutions for anisotropic plates by means 
of a double sine series. Two types of loading are 
discussed, one is for a uniform load. and the other 
is for a concentrated load acting in the center of 
the plate. The same method is equally effective 
if,in addition to the pressure normal to the plate, 
there are tensile or compressive forces acting in 
the plane of the plate. 


ITERATIVE SOLUTIONS FOR THE NON-LINE- 
AR BENDING OF CIRCULAR PLATES. H. B. 
Keller and E. L. Reiss. Commun. on Pure & 
Appl. Math., Aug., 1958, pp. 273-292. AFOSR- 
sponsored presentation of an iterative method for 
solving certain boundary value problems that occur 
in a nonlinear theory of thin elastic shells and 
plates. The method is developed and its conver- 
gence studied for the case of a circular plate sub- 
jected to uniform lateral pressure. A variety of 
edge conditions is considered; these include (a) 
clamped with zero radial displacement, (b) simply 
supported with zero radial displacement, (c) sim- 


_ ply supported with zero radial membrane stress. 


Thermal Stress 


THE HEATING OF SLABS WITH ARBITRARY 
HEAT INPUTS. T. R. Goodman. Allied Res. 
Assoc. (AFOSR TN 58-524) [AD 158337], May 28, 
1958. 17 pp. Derivation of a general approximate 
relationship between the surface temperature of a 
heated slab and time by a new method known as the 
“heat balance integral."" The surface heat flux is 
given as an arbitrary function of surface tempera- 
ture andtime. Includes presentation of few spe- 
cific examples whose exact solutions are known, 
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and the error due to the approximations in allcases 
is shown to be only a few per cent. It is shown 
how the method may be used when the thermal prop 
erties are temperature dependent. 


CORRELATION OF THEORETICAL AND 
PHOTO-THERMOELASTIC RESULTS ON THER- 
MAL STRESSES IN IDEALIZED WING STRUC- 
TURES. Herbert Tramposch and George Gerard. 
NYU Coll. Eng. Res. Div. TR SM 58-5 (AFOSR 
TN 58-621) [AD 162150], July, 1958. 39 pp. Ap- 
plication of the photo-thermoelastic method to the 
experimental evaluation of thermal stress theories, 
The new technique was correlated with several 
theories which analyzed the transient thermal 
stresses in wing structures of high-speed aircraft. 
Three of these theories were evaluated by duplicat- 
ing the boundary and initial conditions on plastic 
models and then by correlating the theories with 
the observed fringe orders in nondimensional form. 
The photo-thermoelastic investigations were con- 
cluded with the evaluation of a fourth theory, more 
complicated in its geometrical configuration. The 
experiments demonstrate the applicability of the 
photo-thermoelastic method. Due to simplifying 
assumptions, thermal stresses predicted by the 
available theories are all higher than the experi- 
mental observation. 


AN EMPIRICAL METHOD OF DETERMINING 
THE CRIPPLING STRESS FOR FLANGED FRAMES 
OF ALCLAD 24 S-T AT ROOM TEMPERATURE 
AND ELEVATED TEMPERATURE. Gunnar Anevi, 
SAAB TN 40, Dec. 21, 1957. 24 pp. Results of 
several tests indicating that: (a) the design rules 
which apply at room temperature can also be used 
at elevated temperatures when the properties of 
the material as they affect the crippling stress are 
taken into account, and (b) a certain amount of 
creep has only a moderate adverse effect on the 
crippling stress. Tentative design data are pre- 
sented which, in combination with a fairly simple 
formula or nomogram, can lead to the determina- 
tion of allowable crippling stress. 


THERMODYNAMICS 


Combustion 


FLAME STABILIZATION IN THE BOUNDARY 
LAYER OF HEATED PLATES. R. W. Ziemerand 
A. B. Cambel. (ARS Semi-Annual Meeting, San 
Francisco, June 10-13, 1957.) Jet Propulsion, 
Sept., 1958, pp. 592-599. 17 refs. Investigation 
using a proposed model consisting of a flat plate 
over which a combustible mixture flows steadily, 
and a laminar bondary layer is created. A flame 
propagates upstream through the boundary layer 
on the plate until the upstream position is reached 
where the boundary layer is sufficiently thin to 
quench any further penetration of the flame,andthe 
flame front becomes stabilized at this position. A 
graphical analysis is proposedand verified by an 
experimental investigation of propane-air flames. 
The free stream flow is laminar with a turbulen- 
ce intensity of 0.4% andthe approach mixture ve- 
locity is 25 and 50°ft./sec. The maximum Rey- 
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nolds Number encountered, based on the length of 
the heated plate, is 122, 000. 


THE ANALOGUE SOLUTION OF TEMPERA- 
TURE DISTRIBUTION AND EXTINCTION IN AN 
IDEALISED CYLINDRICAL FLAME. D. B. Spal- 
ding and M. D. Samain. Imper. Coll. Sci. & 
Tech. Mech. Eng. Dept. Rep. (AFOSR TN 58-216) 
[AD 154117], Jan., 1958. 17 pp. Analisis of a sim- 
plified model of the “pepper pot" chamber. The 
main simplification assumes that the flow within the 
chamber is characterized by a uniform turbulent 
diffusivity, dependent on the pattern of wall perfo- 
ration, and that the time-mean volumetric reaction 
rate depends on time-mean temperature alone. The 
problem is thus reduced to a one-dimensional non- 
linear heat conduction and generation problem with 
two-point boundary conditions. It has been solved 
by means of a specially designed resistance-net- 
work analog. 


Heat Transfer 


NATURAL CONVECTION INSIDE A FLAT RO- 
TATING CONTAINER. Simon Ostrach and W. H. 
Braun. US, NACA TN 4323, Sept., 1958. 27 pp. 
Analysis indicating that the Froude Number is the 
parameter that determines the effect of body ro- 
tations on internal natural convection flows. Ex- 
plicit forms of Froude Number are determined for 
the cases of predominant rotation and axial force.In 
a heated cylindrical container no significant con- 
vective effects are generated by rotations alone. 
Moreover, rotation tends to inhibit the flow and 
heat transfer generated by an axial body force in 
such a configuration. Insertion of radial vanes in 
the container eliminates the detrimental effects of 
rotation and improves heat transfer. 


VTOL & STOL 


POWERED LIFT SYSTEMS. Appendix I - PRO- 
PELLER-WING STOVL TRANSPORTS. Appendix 
Il - JET STOVL TRANSPORT. C. H. Zimmerman, 


ll, 1958.) Helicopter Assn. Gt. Brit. J., Aug., 
1958, pp. 141-159; Discussion, pp. 159-168. 10 refs, 
Analysis of powered lift systems which can be used 
to provide aircraft suitable for operation between 
city centers and to permit operation of large inter- 
continental jet transports from fields of moderate 
size. Two general types of systems are described 
- propeller-wing combination and jet-wing combi- 
nation. Four aircraft are described and their per- 
formance evaluated. These include three STOVL 
(short take-off, vertical landing) aircraft for oper- 
ation from very small airports, and a large, long- 
range jet transport capable of operating from air- 
ports of moderate size. It is concluded that the 
development and the use of such aircraft will re- 
quire the solution of several problems including 
noise, ground interference effects on both propeller- 
wing and jet-wing powered lift systems, operation 
and control of a large number of turbojets, and the 
high cost of small, high thrust-to-weight ratio tur- 
bojets. 
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Helicopter Assn. Gt. Brit. Meeting, London, Apr, 
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Détermination de la Distribution des Vitesses 
Autour des Aubages de Turbine. O. David. 
Docaéro, May, 1958, pp. 49-54. In French. 
Evaluation of a previously applied method of cal- 
culation developed tor the determination of veloc- 
ity distributions over turbine blades. 

Head-Flow Characteristics of Axial Flow Heli- 
cal Inducers. D. A. Rains. Jet Propulsion, 
Aug., 1958, pp. 557, 558. Presentation of several 
methods used for computing the ideal head-flow 
characteristics of helical inducers and to compare 
these results with experimental data. 


Method for Computing the Velocity Distribu- 
tion in a Curved Duct. Sven Hedman. KTH 
AERO TN 36, 1957. 16 pp. Development of 
the method by using elementary theory; the 
flow medium is assumed to be incompressible and 
without internal friction. A comparison between 
measured and computed values is made and shows 
satisfactory agreement. 


Raschet Krivolineinykh Osesimmetrichnykh 
Kanalov. G.S. Samoilovich and A. N. Sherstiuk. 
AN SSSR Otd. Tekh. Nauk Izv., Apr., 1958, pp. 
78-81. In Russian. Derivation of an approxi- 
mate method for the calculation of potential flow 
of incompressible fluid in curvilinear axisymmetric 
channels. 

Compressible Gas-Flow in Commercial Pipes. 
Brian Mills and B. N. Cole. IME Proc., No. 19, 
1957, pp. 617-632. 15 refs. Investigation of 
compressible-flow characteristics for commercial 
grades of piping in which surface-roughness effects 
may be considerable. 

Poteri na Udar v Stupenchatykh Trubakh pri 
Sverkhzvukovykh Otnosheniiakh Davleniia. L. 
P. Volkova and M. Ia. Iudelovich, AN SSSR 
Old. Tekh. Nauk I2v., Apr., 1958, pp. 67-72. In 
Russian. Study of the problem of a mixed flow 
in staggered ducts with supersonic pressure ratio. 
Includes derivation of analytical formulas for the 
calculation of full pressure losses. description 
of the experimental installation is given, and it is 
shown that the theoretical results are in good 
agreement with experiment. 

K Teorii Gazovykh Strui. L. N. Sretenskii. 
AN SSSR Dokl., Apr. 21, 1958, pp. 1,113, 1,114. 
In Russian. Evaluation of a new set of partial 
solutions of Chaplygin’s equation for the deter- 
mination of flow functions, and application to the 
case of a jet of gas exhausting under préssure 
from a nozzle into free space. 


Performance 


Osobennosti Letnoi Ekspluatatsii Tiazhelykh 
Reaktivnykh Samoletov. R. Sakach. Grazh- 


danskaia Aviatsiia, June, 1958, pp. 21-23. In 
Russian. Evaluation of flight performance of 
heavy jet aircraft, including flight speed, landing, 
and structural considerations. 


Stability & Control 


Investigation of Factors Affecting the Control 
and Stability of High Speed Aircraft and Missiles ; 
A Review of Work Conducted in This Field. 
Phrixos Theodorides. U.Md.Inst. Fluid Dynam- 
ics & Appl. Math. TR BN-129 (AFGSR TR 
58-52) [AD 154215], Apr., 1958. 12 pp. Ab- 
stracts of reports on unsteady flow, elasticity of 
high-speed wings, and shock analysis in nonmona- 
tomic media. 


_Ob Ustoichivosti Dvizheniia Samoleta s Avto- 
pilotom. S. V. Kalinin. AN SSSR Otd. Tekh. 
Nauk Izv., Apr., 1958, pp. 114-117. In Russian. 
Application of previously developed methods for 
the solution of stability problems to the critical 
case of motion of an aircraft with automatic pilot. 


Some Factors Affecting the Variation of Pitch- 
ing Moment with Sideslip of Aircraft Configura- 
tions. E.C. Polhamus. U.S., NACA TN 4016, 
Aug., 1958. 35 pp. 22refs. 


A Theoretical Analysis of the Effect of Engine 
Angular Momentum on Longitudinal and Direc- 
tional Stability in Steady Rolling Maneuvers. 
O. B. Gates, Jr., and C. H. Woodling. U-.S., 
NACA TN 4249, Apr., 1958. 20 pp. 


Determination of Longitudinal Stability and 
Control Characteristics from Free-Flight Model 
Tests with Results at Transonic Speeds for Three 
Airplane Configurations. C. L. Gillis and J. L. 
Mitchell. U.S., NACA Rep. 1337, 1957. 28 pp. 
16 refs. Supt. of Doc., Wash., $0.30. 


Wings & Airfoils 


Some Measurements of Aerodynamic Forces 
and Moments at Subsonic Speeds on a Rectan- 
gular Wing of Aspect Ratio 2 Oscillating About 
the Midchord. Appendix A—Correction of Root 
Reaction for Inertia and Aeroelastic Effects to 
Determine the Total Aerodynamic Load. Ap- 

ndix B—Determination of the Aerodynamic 

amping-Moment Coefficient. Appendix C— 
Some Experimental Evidence of Wind-Tunnel- 
Wall Effects on an Oscillating Wing. Edward 
Widmayer, Jr., S. A. Clevenson, and S. A. Lead- 
better. U.S., NACA TN 4240, May, 1958. 45 
pp. 14 refs. 


Détermination des Coefficients Aérod i- 
ques Instationnaires sur une Aile Delta, de Mach 


0a Mach = 1,35. R. Dat and R. Destuynder. 
La Recherche Aéronautique, May-June, 1958, pp. 
57, 58. In French. Determination of nonsta- 
tionary aerodynamic coefficients for a delta wing 
at Mach Numbers from 0 to 1.35. 


Method for Calculating the Aerodynamic Load- 
ing on an Oscillating Finite Wing in Subsonic and 
Sonic Flow. Appendix A—Numerical Example 
of the Lifting-Surface Method for a Rectangular 
Wing. Appendix B—Treatment of Certain Inte- 
grals Which Contain Singularities That Arise in 
the Chordwide Integration. gag C—Cal- 
culation of Moment on Delta Wing. Appendix 
D—Description of a Multiple-Line-Method. H. 
L. Runyan and D. S. Woolston. U.S., NACA 
Rep. 1322, 1957. 30 pp. 37 refs. Supt. of 
Doc., Wash., $0.30. 


Investigation of Downwash, Sidewash and 
Mach Number Distribution Behind a Rectangular 
Wing at a Mach Number of 2.41. jo A— 
Calibration of Mirror Normals and Method of 
Reducing Optical Data to Downwash and Side- 
wash. Appendix B—Theoretical Evaluation of 
Downwash and Sidewash. David Adamson and 
W. B. Boatright. U.S., NACA Rep. 1340, 1957. 
57 pp. 12refs. Supt. of Doc., Wash., $0.55. 


O Sverkhzvukovykh Profiliakh, Imeiushchikh 
Minimal’noe Soprotivienie. Iu. D. Shmyglev- 
skii. Prikl. Mat. i Mekh., Mar.-Apr., 1958, pp. 
269-273. In Russian. Study of the problem 
covering the determination of a supersonic profile 
with minimum drag. 


Minimum Wave Drag for Arbitrary Arrange- 
ments of Wings and Bodies. R.T. Jones. U. 
S., NACA Rep. 1335, 1957. 6 pp. 14 refs. 
Supt. of Doc., Wash., $0.15. Analysis to deter- 
mine the minimum possible value of the wave re- 
sistance obtainable by any disposition of the 
elements of an aircraft within a definitely pre- 
scribed region. 


Methods for Determining the Wave Drag of 
Non-Lifting Wing-Body Combinations. L. M. 
Sheppard. Gi. Brit., ARC R&M 3077 (Apr., 
as 1958. 28 pp. 37 refs. BIS, New York, 
$1.80. 


Experimental Measurements of the Effects of 
Airplane Motions on Wing and Tail Angles of 
Attack of a Swept-Wing Bomber in Rough Air. 
J. N. Engel. U.S., NACA TN 4307, Aug., 1958. 
25 pp. 11 refs. 


Solution of the Potential Equation for the Un- 
steady Flow About a Triangular Wing with Sub- 
sonic Leading Edges in a Supersonic Main 
Stream. Y. L. Luke, G. V. Coombs, and Frank 
Wagner. USAF WADC TR 57-258 [AD 118- 


NEW BENDIX MS-R ENVIRONMENT RESISTING ELECTRICAL CONNECTOR 


Now available and approved in com- 
plete conformance with MIL-C-5015D. 


This new connector answers the demand from the 
aircraft industry for a shorter, lighter and more 
reliable environment resisting connector. This con- 
nector will inactivate practically all other MS types 
and the Military has assigned a new class letter R to 
insure incorporation of this better connector in all 
new designs. 

An important reliability feature of the new MS-R 
connector is an “OQ” ring at the main coupling joint 
which provides for the best possible sealing and more 
positive inter-facial compression and assures complete 
performance compatibility among all approved MS-R 
connectors. Establishment of the MS-R connector as 
the “universal” military connector is testimony to 
the record of previous MS environmental resistant 
connectors using resilient inserts as pioneered by this 
Division. In the Bendix* connector, wire sealing is 
accomplished by an exclusive slippery rubber grom- 
met which permits convenient wire threading and 
grommet travel over wire bundles. 

Write for more complete information on this latest 
addition to the ever-growing family of Bendix elec- 
trical connectors. 


*TRADEMARK 


SCINTILLA DIVISION 
SIDNEY, NEW YORK ond” 


AVIATION CORPORATION 


Export Sales and Service: Bendix International Division, 205 East 42nd St., New York 17, N.Y. 


FACTORY BRANCH OFFICES: 


Canadian Affiliate: Aviation Electric Ltd., 200 Laurentien Bivd., Montreal 9, Quebec. 


117 E. Providencia Ave., Burbank, Calif. ¢ Paterson Building, 18038 Mack Ave., Detroit 24, Mich. « 545 Cedar Lane, Teaneck, N.J. ¢ 5906 North Port Washington Rd., Milwaukee 17, Wisc. 
Hulman Building, 120 W. Second St., Dayton 2, Ohio © 2608 Inwood Road, Dallas 19, Texas © 8425 First Ave., South, Seattle 8, Washington ¢ 1701 “K” Street, N.W., Washington 6, D.C. 
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241), Dec., 1957. 38 pp. Study of the work by 
Haskind and Falkovich to clarify their numerical 
solutions. 


Aeroelasticity 


A Search for Definitions and Criteria Relating 
to Non-Oscillatory a ga in Near Steady 
Flight Conditions. . Billion. (VATO AGARD 
Flight Test Wind Tunnel Panels, Brussels, Aug. 
27-31, 1956.) NATO AGARD Rep. 72T, Aug., 
1956. 12 pp. 


Un Avion Peut-il Avoir deux Fréquences Pro- 
pres Egales? H. Gauzy and Y. Pironneau. La 
Recherche Aéronautique, May-June, 1958, pp. 
43-48. In French. Theoretical study of the 
natural frequencies of a vibrating system. In- 
cludes comparison with experimental results, as 
well as a description of the application to aircraft 
ground vibration tests. 


O Subgarmonicheskikh Kolebaniiakh Sterzh- 
nei s Nelineinoi Inertsionnost’iu. V. A. Ivo- 
vich. AN SSSR Dokl., Mar. 11, 1958, pp. 237- 
240. In Russian. Derivation of solutions for 
the problem of subharmonic oscillations of rods 
with nonlinear inertia. 


La Matrice de d’une Structure Elasti- 
Kappus and D. Clerc. 
La Recherche yelled May-June, 1958, pp. 
49-56. InFrench. Determination of the matrix 
K of an elastically suspended body which con- 
nects various external forces to the corresponding 
displacements of the solid body. 


Calculs de Flottement 4 Plus de Cinq Degrés 
de Liberté sans Utilisation d’une Mémoire Mag- 
nétique. R.Janin. La Rechereche Aéronautique, 
May-June, 1958, pp. 56,57. In French. Calcu- 
lation of flutter with more than five degrees of 
freedom without the application of a magnetic 
memory. 


Mesure de Coefficients de Moment de Char- 
niére d’Aileron sur une Aile Droite de Faible Al- 
longement. S. Chopin and H. Loiseau. France, 
ONERA NT 46, 1958. 6 pp. In French. De- 
scription of wind tunnel tests on straight low 
aspect ratio wings used to measure the aileron 
hinge-moment coefficient. 


A Random Distribution of Gusts Corresponding 
toa Measured Frequency of Vertical Gusts. M. 
Fine. Aero. Quart., Aug., 1958, pp. 25i—257. 
Description of a method to estimate the frequency 
of gust components in the plane of a propeller from 
measurements of vertical gust components, which 
are those generally recorded. 


The Support of an Aircraft for Ground Reson- 
ance Tests. W. G. Molyneux. Aircraft Enzg., 
June, 1958, pp. 160-166. Description of the vari- 
ous types of support in current use for ground res- 
onance testing, and determination of the fre- 
quencies to be expected from each type. The 
possibilities of a new nonlinear spring type sup 
port for providing very low frequencies are dis- 
cussed. 


A Hydraulic Random ioe Fatigue Test Rig 


for Simple Specimens. ; McEwan, J. M. 
Finney, and J. Y. Mann. Australia, ARL S=@M 


Note 245, Apr., 1958. 15 pp. 
Results of an Experimental Investigation of 
Small Viscous Dampers. Appendix A—Mechan- 


ical Damper-Test-Device Instrumentation. Ap- 
pendix B—Calculation of Damping Force. M. A. 
Silveira, D. J. Maglieri, and G. W. Brooks. U. 
S., NACA TN 4257, June, 1958. 49 pp. Pre- 
sentation of the results of damper studies and de- 
scription of the damper-test devices. A com- 
parison of simplified calculations with measured 
damping forces is made. 


An Investigation of the Alternating Character 
of Free Non-Linear Vibrations by Means of Com- 
parison. Andrzej Lewandowski. Arch. Mech. 
Stosowanej, No. 1, 1958, pp. 81-97. Includes 
comparison of the motion of a mass m with the 
motion of a point on a surface. 


Free Vibration of Systems of One Degree of 
Freedom with Non-Linear Elastic Characteristic 
and Non-Linear Viscous-Type Damping. Stefan 
Ziemba. Arch. Mech. Stosowanej, No. 2, 1958, 
pp. 163-193. 12 refs. 


Mechanical Vibration Analysis by Piestetenl 
Circuit Analogy. A.B. Hamilton. GM Eng. J., 
Apr.-June, 1958, pp.34-37. Application of the 
electromechanical analogy concept to torsional 
vibration problems. Electrical networks, induc 
tors, and resistors can be arranged and studied in 
lieu of mechanical networks composed of masses, 
springs, and friction elements. 


The Possibility of Dynamic Stability Loss Un- 
der Moving Concentrated Loads. Kazimierz 
Piszezek. Arch. Mech. Stosowanej, No. 2, 1958, 
pp. 195-210. Analysis of plate vibration taking 
into account the mass of the moving load in order 
to determine the critical velocity of the load caus- 
ing instability. 


Aeronautics, General 


Aviation’s Golden Age. Jj. E. Forry. 
& ARS Joint Av. Conf., Dallas, Mar. 17-20, 
1958.) Mech. Eng., Apr., 1958, pp. 54-56. 
Brief review of problems encountered since 1940 


(ASME 


until the present and covering four specific stages 
of flight. These are the mature reciprocating 
period, the first turbojet period, the transonic 
period, and the supersonic period. 


Special Issue: Design Digest. 
Mid-Sept., 1958. 218 pp. 58 refs. Includes: 
general engineering; metals and alloys; non- 
metallic materials and finishes; fabrication and 
production processes; power transmission; me- 
chanical parts and design analysis; fastening and 
joining; motors, engines, and controls; electrical 
and electronic components; hydraulic and pneu- 
matic equipment; as well as an alphabetical index 
to products and advertisers. 


Prod. Eng., 


Air Transportation 


The International Air Transport Association 
and the Civil Aeronautics Board. Leonard Beb- 
chick. J. Air Law & Commerce, Winter, 1958, pp. 
8-43. 15 refs. 


Transporto Aereo e Automazione; Fattori della 
Logistica Aerea. Euro Sansebastiano. Riv. 
Aero., June, 1958, pp. 831-843. InItalian. Dis- 
cussion covering the advent of automation in air 
transport. 


$677 per Hour—Just to Fly Faster. J. D. 
Donaldson. SAE June, 1958, pp. 64, 65. 
Abridged. Comparison of direct operating costs 
1 Convair 880, Douglas DC-7C, and Convair 
440. 


Airline Interchange Agreements. R. J. Keefer. 
J. Air Law & Commerce, Winter, 1958, pp. 55-67. 
Explanation of the operation of airline interchange 
agreements. The benefits of an interchange serv- 
ice are stated. 


Airplanes 


Variable Geometry for Aircraft. J. R.Cownie. 
The Aeroplane, May 23, 1958, pp. 716-720. Dis- 
cussion on the history of variable wing geometry 
developments, including examples of variable 
camber, incidence, and sweep. 


Arbeitsmethoden zur Behandlung 
mischer Probleme im Flugzeugbau. E. Truck- 
enbrodt. (AFZ Meeting, Stuttgart, Oct. 4, 1957.) 
Luftfahrttechnik, June 15, 1958, pp. 169-177. In 
German. Survey of aerodynamic problems in 
modern aircraft design and discussion of currently 
used methods for the solution of these problems. 


Some Ways of Obtaining an Integrated Air- 
craft. D. Kuchemann. 4Helicopter Assn. Gt. 
Brit. J., June, 1958, pp. 121-133; Discussion, pp. 
134-140. 17 refs. Discussion on the possible 
development of an aircraft with an integrated 
slender wing having separation from all edges, 
leading to largely nonlinear air forces. 


How we Can Improve Landing and Take-Off 
Performance of Transport Aircraft. J.G. Lowry. 
SAE J., June, 1958, pp. 80-82. Discussion em- 
phasizing methods to improve maximum lift 
coefficient and thrust/weight ratio. 


How to Fly a Jet Transport. D. P. Germeraad. 
SAE J., June, 1958, pp. 86-88. Discussion on 
procedures for starting, taxiing, take-off, climb, 
cruise control, and landing. 


Air Conditioning, Pressurization 


Samolet An-10. I-—Konditsionirovanie Voz- 
dukha i Teplo-Zvukoizoliatsiia. V. Sadovyi. 
II—Elektrooborudovanie. Gal’perin. Graszh- 
danskaia Aviatstia, June, 1958, pp. 27-29. In 
Russian. Description of a ‘air-conditioning and 
ne seen insulating systems for the An-10 air- 
craft. 


Control Systems, Automatic Pilots 


Hydraulic Power Control Research Program: 
A Comparison of System Behavior with the Pre- 
dictions of Linearized Analysis. E. Millman. 
Grumman Aircraft Eng. Corp. Res. Dept. Rep. 
RE 93, Feb. 28, 1958. 49 pp. Results of com- 
parison indicate that the linear simplified analysis 
presently used to approximate the nonlinear con- 
trol system is adequate for overcompensated or 
slightly undercompensated systems. 


Flight-Control Linkages. R. L. 
(ASME & ARS Joint Av. Conf., Dallas, Mar. 
17-20, 1958.) Mech. Eng., June, 1958, pp. 56- 
60. Discussion of the factors involved in the de- 
sign of mechanical linkage for three types of con- 
trol systems: manual type, power-boosted type, 
and the power-operated type. 


Roemer. 


Description 


Dart Herald in Detail. Handley-Page Bul., 
Spring, 1958, pp. 6-11. Description covering the 
design configuration and operation of the Dart 


Herald. Performance characteristics are also 
given, 
F-104; Holder of the Absolute Records for 


Speed and Altitude. Flight, May 30, 1958, pp. 
739-743, cutaway drawing. Design and struc- 
tural characteristics of the Lockheed fighter. 
Putting the Jets in Their Place. D. M. De- 
soutter. Aeronautics, May, 1958, pp. 24-34, 
Description of the Sud Aviation Caravelle, in- 


98  Aero/Space Engineering November 1958 


cluding its operation and performance characteris. 
tics. 


Landing, Landing Loads 


Landing and Taxiing Tests Over Various Types 
of Runway Lights. R.C. Dreher and S. A. Bat 
terson. U.S.. NACA RM L58C28a, Aug. 3, 
1958. 39 pp. 


Airports 


Gatwick: London’s Number Two Airport, 
Airports & — Eng., May-June, 1958, pp, 
39-42, 44, 46, 48, 5 


Gatwick: hae of a Two-Airport Sys. 
tem to Serve London. Flight, June 6, 1958, pp. 
770-774, 785. 


The Runway at Embakasi. Airports & Airpor 
Eng., May-June, 1958, pp. 34-37. 


Anflugbefeuerung mit 
Mann. Luftfahrttechnik, June 15, 1958, pp. 183, 
184. In German. Description of the operation 
of electronic flash approach systems. 


Measurements and Power Spectra of Runway 
Roughness at Airports in Countries of the North 
Treaty Organization. W.E. Thompson. 
U.S., NACA TN 4303, July, 1958. 85 pp. 


Aviation Medicine, Space Medicine 


Centrifuge Experiments on High-G Loads in 
Mice and Their Possible Alleviation by Multidi- 
a Anti-G Devices. H. J. Von Beckh and 

G. J. D. Schock. USAF MDC TN 58-10 [AD 
154104), Aug., 1958. 14 pp. 


Gruppovye Zatiazhnye Pryzhki iz Stratosfery. 

- Romaniuk and A. Savin. Kryl’ia Rodiny, 
June, 1958, pp. 17-19. In Russian. Discussion 
covering equipment and medical aspects of para- 
chute jumps from the stratosphere. 


Sensory Reactions Related to 
and Their to Flight. G. J.D 
Schock. USAF MDC TR 58-6 [AD 135012), 
Apr., 1958. 10 pp. 10 refs. Discussion of the 
implications of a sensory-starved environment 
and comparison to the conditions that will pre- 
vail in actual space flight. Recommendations 
for training for future space flight are presented. 


Man’s New Environment—Vehicle Vibration. 
A. O. Radke. ASME Annual Meeting, New 
York, Dec. 1-6, 1957.) Mech. Eng., July, 1958, 
pp. 38-41. 10 refs. Discussion of the effect of 
vehicle vibrationon man. The vibration environ- 
ment, attenuation, and insulation are described. 


Eye Fixations Recorded on Changing Visual 
Scenes by the Television F, 
Mackworth and N. H. Mackworth. SA J, 
July, 1958, pp. 439-445. 23 refs. 


Measurement of Pilot Mental oye 
Cohen and A. J. Silverman. (! AGARD 
10th Flight Test Panel, London, May ed 24, 1957.) 
NATO AGARD Rep. 148, May, 1957. 23 pp. 


Chemistry 


The Mobilities of Ions in Unlike Gases. A. 
Dalgarno, M. R. C. McDowell, and A. Williams. 
Royal Soc. (London) Philos. Trans., Ser. A, Apr. 
17, 1958, pp. 411-425. 47 refs. Analysis of 
available experimental data on the mobilities at 
low field strengths of ions in unlike gases. Some 
of the earlier conclusions are modified and the 
current discrepancies between theory and experi- 
ment are emphasized. 


The Mobilities of Ions in Their Parent Gases. 
A. Dalgarno. Royal Soc. (London) Philos. Trans., 
Ser. A, Apr. 17, 1958, pp. 426-439. 68 refs. 
Analysis on the basis of a simple theoretical de- 
scription of the mobilities at low field strengths of 
ions in their parent gases. 


The Crystal Structure of Silver Oxide. V. 
Scatturin, P. Bellon, and R. Zannetti. (Ric. Sci., 
No. 27, 1957, pp. 2,163-2,172.) Gt. Brit., RAE 
Lib. Transl. 744, June, 1958. 12 pp. 10 refs. 


Kataliticheskaia Aktivnost’ Germaniia v Otno- 
shenii Reaktsii Izotopnogo Obmena Vodoroda s 
Deiteriem. G. K. Boreskov and V. L. Kuchaev. 
AN SSSR Dokl., Mar. 11, 1958, pp. 302-304. 
In Russian. Determination of the catalytic ac- 
tivity of germanium in relation to the isotopic ex- 
change reaction between hydrogen and deuter- 
ium. 


Anodic Preparation and Electrochemical Po- 
tential of Nickel ‘‘Peroxide.’’ MM. Haissinsky 
and M. Quesney. (J. Chim. Phys., No. 49, 1952, 
pp. 302-307.) Gt. Brit., RAE Lib. Transl. 746, 
June, 1958. 10 pp. 23 refs. 


Tipy Diagramm Sostoianiia Troinykh Sistem 
Guaove Titana. I. I. Kornilov and P. B. 
Budberg. AN SSSR Dokl., Apr. 11, 1958, pp. 
942-944. In Russian. Discussion of various 
types of equilibrium diagrams for titanium-based 
ternary systems. 


Computers 


Elektronische Rechenanlagen 
Prause. 
708. 96 refs. 


1957. Klaus 


VDI Zeitschrift, June 1, 1958, pp. 701- 
Surv ey of the im 


In German. 


Blinkleuchten. H. 


ternati 


at 
compu 
Trav 
Uravn¢ 
SSSR 
Russia 
autom: 
Dirich 
Rule 
USAF 
15 pp- 
ta a; 
Tecl 
Autom 
Quart. 
364-3! 
sary 
prove! 
schem 
analy’ 
Postr 
pennc 
6 
n-ord 
AC 
Sci.I 
Wi 
GM 
tal 
Wro: 
e 
Brit. 
Ce 
Smit 
| Bell 
Desi 
reco 
tize 
| 
Coc 
Jul 
non 
pon 
ma; 
vat 
wei 
ine 
tol 
ma 
Fil 
bi 
bil 
tt 
M 
sy 
S 
: 6 
t 
J 
| 
ESS 


racteris. 


en. H. 
pp. 183, 
eration 


Runway 
e North 
»Mpson. 


tosfery, 
Rodiny, 
cussion 
of para- 


3501 2], 
| of the 
onment 
ill pre- 
dations 
nted. 


ration. 


Klaus 
701- 
1e 


ternational development of analog and digital 
computers. 

Ob Odnom Algoritme Avtomatizatsii Chislen- 
nogo Resheniia Ploskoi Zadachi Dirikhle dlia 
Uravneniia Laplasa. M. A. Aleksidze. AN 
SSSR Dokl., Apr. 11, 1958, pp. 847-850. In 
Russian. Establishment of an algorithm for the 
automation of the numerical solution to the plane 
Dirichlet problem for Laplace equation. 


Rules for Symbolic Coding. R. G. Tantzen. 
USAF MDC TN 58-6 [AD 135010], Mar., 1958. 
15 pP- 

Techniques of Multiplication and Division for 
Automatic Binary Computers. . D. Tocher. 
Quart. J. Mech. & Appl. Math., Aug., 1958, pp. 
364-384. Survey of some possible schemes for 
fast multiplication, and presentation of the neces- 
sary mathematical analysis to effect further im- 
provements of automatic computers. Optimum 
schemes of division can be derived from this 
analysis. 

Vychislitel’naia Mashina, Vypolniaiushchaia 
Postroenie Konformnykh a dlia Ste- 
pennogo Polinoma. V. A. Brik and S. A. Ginz- 
burg. Ba i Telemekh., July, 1958, pp. 674- 
683. 10 refs. In Russian. Description of an 
analog Rouen realizing conformal mapping for 
n-order polynomials. 

A Cathode-Ray Tube Analogue-to-Serial Digi- 
tal Converter. J. Willis and M. G. Hartley. J. 
Sci. Insir., June, 1958, pp. 197-202. 


What is a Digital Computer. D. E .Hart. 
GM Eng. J., Apr.-June, 1958, pp. 2-5. Discus- 
sion of the operation and the advantages of a digi- 
tal computer. 

A Data Transmission System for Punched 
Cards. Appendix I—The Probability of Two 
= Numbers on a Card Giving a Correct 

Sum. Appendix I1_—The Effect of Changes of 
geeeriater Signals due to Interference on the 
Line. S. Mallett and H. W. P. Knapp. Gt. 
Brit., RAE TN T.D. 25, Dec., 1957. 42 pp. 


Central Automatic Data Processing ye 
B. A. Coss, R. L. Miller, ———— Jaffe, R. L. 
Smith, John Ryskamp, A. J. Gedeon, and R. N. 
Bell. U.S., NACA TN 42 ‘A Apr., 1958. 96 pp. 
Description of a system that will automatically 
record as many as 300 pressures, 200 voltages, and 
24 frequencies in 30 sec. All information is. digi- 
tized, encoded, and recorded on magnetic tape 
for insertion in a digital computer. 

Hypersonic Digital Control Systems. A. E. 
Cooper. JAS Natl. Summer Meeting, Los Angeles, 
July 8-11, 1958, Preprint 839. Members, $0.35; 
nonmembers, $0.75. 32 pp. Discussion of com- 
ponent development in the fields of cryogenics, 
magnetics, and semiconductors necessary to ad- 
vance computer design in such problem areas as 
weight to computing capacity ratio improvement, 
increased maintainability and reliability, and 
tolerance to ever increasing environmental de- 
mands. 


Control Theory 


Ob Ustoichivosti Periodicheskikh Rezhimov v 
Sistemakh Avtomaticheskogo Regulirovaniia, 
Naidennykh Priblizhenno, Iskhodia iz Gipotezy 
Fil’tra. V. A. Taft. Aviom. i Telemekh., June, 
1958, pp. 558-563. In Russian. Development 
of an approximate method for analyzing the sta- 
bility of periodic conditions in nonlinear auto- 
matic control systems. 


Teoriia Postroeniia Struktur Bystrodeistvuiu- 
shchikh Sistem Avtomaticheskogo egulirovaniia. 
M. V. Meerov. Aviom. i Telemekh., July, 1958, 
pp. 621-632. In Russian. Discussion covering 
the structure of high-speed automatic control 
systems. 


K Voprosu 0 Postroenii Kornevykh Godografov 
Sistem Avtomaticheskogo Regulirovaniia. N.N. 
Mikhailov. Avtom. i Telemekh., July, 1958, pp. 
661-673. 10.refs. In Russian. Evaluation of 
analytical, graphical, and semigraphical plotting 
of root loci of automatic control systems. 


O Regulirovanii Skorosti Sinkhronnogo Reak- 
tivnogo Dvigatelia v Sistemakh Tochnoi Magnit- 
noi Zapisi. LL. A. Pusset. Avtom. i Telemekh., 
June, 1958, pp. 574-581. In Russian. Analysis 
covering the stability of a system of automatic 
speed control for the case of magnetic recording 
systems, 


Opredelenie Optimal’noi Sistemy po Proizvol’- 
nomu Kriteriiu. V.S. Pugachev. Aviom. i Tele- 
mekh., June, 1958, pp. 519-539. In Russian. 
Description of a method for the determination of 
optimum systems using a general criterion of the 
Bayes type. 

Ob Ustoichivosti Periodicheskikh Rezhimov v 
Nelineinykh Sistemakh s Kusochno-Lineinoi 

rakteristikoi. M. A. Aizerman and F. R. 

Gantmakher. Aviom. i Telemekh., June, 1958, pp. 

In Russian. Description of a method 

for deriving linear approximation equations used 

to determine the stability of periodic conditions 
in nonlinear systems. 


O Preobrazovanii Nachal’nykh Uslovii na Vy- 
khode Lineinoi Sistemy s Peremennymi Para- 
metrami v Ekvivalentnyi Vkhodnoi Signal. A. 
V. Solodov. Avtom. i Telemekh., July, 1958, pp. 
654-660. In Russian. Derivation of formulas 
for the conversion of output initial conditions in a 
linear system with variable parameters into an 
equivalent input signal. 


Pexedatochnoi Funktsii Dvigatelia Postoian- 
nogo Toka, Upravl go Napria- 
zheniia E. Urman. Ariom. i. 
Telemekh., June, 1958, pp. 609-613. In Russian. 
Determination of the transfer function for a d.c. 
motor which is used in automatic control systems 
and controlled by changing the exciting voltage. 


Perfokartochnyi Metod Sinteza Mnogotaktnykh 
Releinykh Sistem. V. I. Shestakov. Antom. i 
Telemekh., June, 1958, pp. 592-605. 10 refs. 
In Russian. Development of a vector-algebraic 
method of synthesis for switching systems using 
punched cards. 


Dinamika Releinogo Elektricheskogo Servo- 
mekhanizma pri Nagruzke, Izmeniaiushcheisia 
Proportsional’no Khodu. N. S. Gorskaia. Av- 
tom. t Telemekh., June, 1958, pp. 540-557. In 
Russian. Study of the dynamics of an electric 
relay servomechanism with the load changing 
proportionally to motion. 


Some Factors Influencing the Speed of Re- 
sponse of Position Servomechanisms. 
Appendix—Derivation of nes for Valve- 
Reaction Force. C. W. Lewis. Gt. Brit., ARC 
R&M 3089 (Aug., 1955) 1958. 13 pp. BIS, 
New York, $0.90. 


O Predel’nom Bystrodeistvii Slediashchikh 
Sistem s Ogranichennym po Moshchnosti, Mo- 
mentu i Skorosti Isopol m 
E. A. Rozenman. Aviom. i Telemekh., July, 
1958, pp. 633-653. In Russian. Analysis of the 
problem of speediest transient process in servo- 
systems with power, torque, and rate limitations 
of the power unit. 


Documentation 


Published Reports and Memoranda of the 
Aeronautical Research Council. Gi. Brit., ARC 
R&M 2950, 1958. 7 pp. 97 refs. BIS, New 
York, $0.54. 


Electronics 


Special Issue: 1958 Directory & All-Reference 
Issue. Electronic Ind., June, 1958. 431 pp. 
Detailed reference guide to products and manu- 
facturers covering new electronic standards, 
glossary of relay terms, silicon semiconductor de- 
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vices, glossary of guided missile terms, and inter- 
national electronic sources. 


Amplifiers 


A Wide Range Hot-Wire Amplifier. Appendix 
I—Compensating Stage, Response. Appendix 
II—Compensating Stage, Input Impedance. 


Appendix III—-Estimation of Noise Level. H. 
M. Nelson and D. C. Collis. Australia, ARL 
Rep. 1.20, Jan., 1958. 85 pp. 10 refs. 


Vkhodnye Tsepi Usilitelei s Kontaktnymi Vi- 
bropreobrazovateliami. D. E. Polonnikov. Av- 
tom. i Telemekh., June, 1958, pp. 582-591. In 
Russian. Results of studies on the main require- 
ments of input circuits for electronic amplifiers in 
automatic potentiometers. 


Avtomaticheskaia Kompensatsiia Dreifa Nulia 
Elektrometricheskikh Usiliteliakh. D. E. 
Polonnikov. Aviom. i Telemekh., July, 1958, pp. 
684-694. In Russian. Analysis of the automa- 
tic compensation of zero-drift in electrometric 
amplifiers. 


ele Amplifier for X-Band Local Oscilla- 
W. J. Dauksher. Electronics, June 20, 
1938, pp. 80-82. 


Antennas, Radomes 


Radome Thickness Gage is Frequency fer 
bilized. A.H. Webber, Jr., R. G. Crooks, 
Preston, and J. R. Baker. Electronics, 2 “20, 
1958, pp. 70-72. Description of a microwave 
thickness gage which uses a frequency-stabilized 
klystron to determine electrical thickness and di- 
electric constant of radomes. 


A 360° Scanning wee Reflector. J. A. 
C. Jackson and E. G. A. Goodall. Marconi Rev., 
Ist Quarter, 1958, pp. 30-38. Discussion of the 
design and construction techniques for a scanning 
toric reflector. 


Gain Measurements of Large Aerials Used in 
Interferometer and Cross-Type Radio Telescopes. 
— ~ Little. Australian J. Phys., Mar., 1958, pp. 


Antennas Are Getting Bigger and Sandwich 
Construction Keeps Them in Shape. Herman 
a? Missiles & Rockets, June, 1958, pp. 89, 


Capacitors 

A Voltage Variable Capacitor. I.G. F. Straube. 
Electronic Ind., May, 1958, pp. 69-73. Design 
characteristics of ‘‘Varicap,’’ the new electroni- 
cally variable, solid state capacitor. The impor- 


tant aspects and applications of Varicaps are dis- 
cussed. 


Circuits & Components 

Metod Sinteza Mnogopoliusnykh Kontaktnykh 
Skhem. V. N. Grebenshchikov. AN SSSR 
Dokl., Mar. 11, 1958, pp. 278-281. In Russian. 


Presentation of a simplified method for the synthe- 
sis of multipole contact circuits. 


Principles and Applications of Phase-Lock De- 
tection in se-Coherent Systems. C. L. 
Nielsen. Jet Propulsion, Aug., 1958, pp. 541-547. 
1l refs. Review of a general class of phase-co- 
herent carrier systems in which phase-lock loops 
are applicable, considering the mechanism by 
which greater signal-to-noise ratios can be 
achieved. The results are presented in terms of 
minimum power requirements, improved system 
signal-to-noise ratios, or extension of the maxi- 
mum range of operation. 


Communications 


Automatic Bandwidth Control for Bapodborinen 
Communication. Collins Signal, Spring, 1958, 
pp. 18-20. Discussion on the Bo Aa of 
tests, including measurements of distortion as a 
function of bandwidth to determine the degree of 
bandwidth narrowing tolerable. 


The Generation of Single Sideband Carrier 
Channels by Modulation. 
USAF RADC TN 


seph Mensch. 58-161 
148773}, June, 13 pp. 
Cooling 
Cooling Trials on Aircraft Electrical 


Machines. pendix I—Dynamic Pressure 
Available for Cooling Aircraft Electrical Machines. 
Appendix II—Minimum Equivalent Air Speed 
and Definition of ‘Minimum Cooling Speed.’’ 
Appendix II1I—Resistance Thermometers. J. C. 
Cow. Gt. Brit., RAE TN El. 132, Feb., 1958. 32 
pp. 


Refroidissement des Equipements Electroni- 
ques de Bord. . Lepicard. Docaéro, May, 
1958, pp. 67-72. InFrench. Study of the prob- 
lem of cooling airborne electronic equipment. 
Includes analysis of the thermal deterioration of 
tubes and transistors, various methods of cooling, 
air cooling, direct removal of heat radiated by 
using the evaporation of a coqjing Jiquid, as well 
as use of fuel as cooling medium. 


Test and Evaluation of the MA-5 Air Condi- 
tioner. J. L. Hahn and D. J. Scarafile. USAF 


RADC TR 58-54 [AD 148685], Apr., 1958. 23 
Pp. 


Dielectrics 


Tables of Dielectric Materials. B. B. East, 
Aina Sils, and B. Frackiewicz. MIT LIRTR 126, 
vol. VI, June, 1958. 110 pp. 

ee Effects in Geometrically Isotropic 
Lattices. A. Kaprielian. CIT TR 16 
(AFOSR fw 58-569) [AD 158388}, Mar. 31, 
1958. 35 pp. 


Electronic Tubes 


Extending Electron-Tube Life with Tube 
Shields. Anthony Coppola. USAF RADCTR 
58-64 [AD 148716], July, 1958. 24 pp. 17 refs. 


Magnetic Devices 


Microwave Ferrites. B. Josephson and P. 
Ericsson Tech., No. 1, 1958, pp. 39-70. 
24 refs. 


Nonmetallic Ferromagnetic Materials and De- 
vices: Frequency Dependent Delay Line; 
Magnetostrictive Filters; Low Loss 10mc-50mc 
Ferrite Material. J. W. Brouillette, H. W. Katz, 
Leon Marcus, G. G. Palmer, O. N. Salmon, and 
Nathan Schwartz. USAF WADC TR 57-692 
[AD 151145], Mar., 1958. 58 pp. 


Izuchenie Temperaturnykh Zavisimostei Neko- 
torykh Svoistv Ferritov v Diapazone Santimetro- 
vykh Voln. V. A. Kiseleva and E. I. Kondorskii. 
AN SSSR Dokl., Apr. 11, 1958, pp. 926-928. 
In Russian. Study of the temperature depend- 
ence of certain ferrite properties in the centime- 
ter wave range. 


Networks, Filters 


General Method of Analyzing Bilateral, Two- 
Port Networks from Three Arbitrary Impedance 
Measurements. E.F. Bolinder. Ericsson Tech., 
No. 1, 1958, pp. 3-37. 39 refs. USAF-Army- 
Navy-supported study. 


Oscillators, Signal Generators 


Pretsizionnyi Kvartsevyi Rezonator s Vysokoi 
Dobrotnost’iu i Maloi Temperaturnoi Zavisi- 
most’iu Chastoty. I.G. Vasin, P. G. Pozdniakov, 
and M. I. Iaroslavskii. AN SSSR Dokl., Mar. 
21, 1958, pp. 481-483. In Russian. Description 
of a high-quality precision quartz resonator hav- 
ing a frequency with small temperature depend- 
ence. 


Radar 


Three-Dimensional Orthogonal Grid System of 
RADC Tracking Range. Appendix I—Deriva- 
tion of Orthogonal Coordinate System. Appen- 
and Longitude of Sites 

n Range S . Swartz. USAF RADC 
TR 58-78 [A D T48760\, June, 1958. 38 pp. 


The Effect of Number of Signal Pulses Upon 
Signal Detectability on PPI Scopes. R. L. Erd- 
mannandR.D.Myers. USAF RADCTR 58-43 
[A D 148666], Mar., 1958. 17 pp. 


Resistors 


Electrical of Metallic 
Films. R. B. Belser an Hicklin. USAF 
WADC TR 57-660 [AD 1555731, Dec., 1957. 122 
pp. 94 refs. Measurement, in vacuo over a 
temperature range of 25° to 600°C., of the tem- 
perature coefficients of resistance (TCR) of films 
of sputtered Au, Ir, Mo, Ni, Pd, Pt, Rh, and Ta; 
of evaporated Zr, Ti, and Cr; and of the alloy 
films Pt-Au, Pt-Ir, and Pt-Ni. 


Semiconductors 


Power Transistor: A Fresh Approach in Avionic 
Design. M. W. Caquelin. Collins Signal, 
Spring, 1958, pp. 2-7. Discussion on the appli- 
cation of power transistors in audio and power 
supply circuits; their advantages are stated. 


Staticheskie Kharakteristiki Poluprovodniko- 
vykh Triodov. B. Khokhlov. Radio, June, 1958, 
pp. 43-46. In Russian. Evaluation of static 
characteristics of semiconducting triodes. 


Electrical and Optical Investigation of Charge- 
Carrier Trapping in Rutile Single Crystals. K.G. 
Srivastava. MIT LIR TR 127, June, 1958. 27 
PP. 


Telemetry 


Telemetry: Key to Missile Operation. R.M. 
Nolan. Missiles & Rockets, June, 1958, pp. 67-71. 
Discussion of some currently used telemetering 
systems. A new approach which may lead to in- 
creased information handling capacity is de- 
scribed. 


Transmission Lines 


Determination of Higher Order Propagating 
Modes in Wave-Guide Systems. M. P. Forrer 
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and Kiyo are. J. Appl. Phys., July, 195 
1.020-1.04: pp ys., July, 1958, 


Wave Propagation 


Electromagnetic Propagation in an Almost 
Homogeneous Medium. V. W. Bolie. Austral. 
ian J. Phys., Mar., 1958, pp. 118-125. Develop. 
ment of fundamental equations for the Propaga- 
tion and scatter of electromagnetic energy in a 
nearly transparent medium. These equations 
are then applied to the problem of scattering by 
an isolated, Gaussian-shaped perturbation in the 
refractive index. 


Equipment 
Electric 


High-Performance Test Drives Simulate 
Questions! Conditions to Check Out Airborne 
Generating Equipment. P. J. Hawkshaw. Air. 
craft & Missiles Mfg., May, 1958, pp. 23-26. 

Multi-Channel Slip Rings for Stress and Tem- 
perature Measurement. R. Chaplin. Gt. Brit, 
ARC CP 389 (Dec., 1956) 1958. 18 pp. BIS, 
New York, $0.54. 

Thermodynamics of the Zinc-Silver Oxide Cell, 
Appendix I—Preparation of Silver Oxides. Ap. 
pendix II—Composition of Silver Oxides: Che. 
mical Methods of Analysis. Appendix III— 
Method of Potential. M. E. Bedwell, 
Gt. Brit., RAE Rep. Chem. 515, Feb., 1958. 27 
pp. 16 


Development of 10-KW Set, 
Type M J. Mollura, 
USAF RADC TR 58-74 aD 148953) June, 
33 pp. 


Fuels & Lubricants 


Significance of Volatility of Aviation Fuel for 
Reciprocating Engines. N. K. Shukla. Aero, 
Soc. India J., Feb.-Mar., 1958, pp. 6-14. Com. 
parison of various standard specifications on 
aviation fuels in order to collect basic information 
for drafting new fuel standards. 


Boron, Hydrogen, Carbon. R. J. Heaston. 
SAE J., June, 1958, p. 39. Comparison of the 
qualities and costs of boron fuels and JP-6. 


Jet Engines Ask Still More of Fuels. E. A. 
Droegemueller and R. K. Nelson. SAE J., June, 
1958, pp. 48, 49. Discussion on thermal stability 
and burning characteristic requirements of fuels 
used in modern jet engines. 


“ne Up Range with Boron Compound Fuels. 

T. Olson. SAE J., June, 1958, pp. 76, 77. 

of properties of boron hydrides and 

discussion of applications to afterburners and ram- 
jets. 


New Coefficients Predict Wear of Metal Parts. 
Ernest Rabinowicz. Prod. Eng., June 23, 1958, 
pp. 71-73. Presentation of wear coefficients and 
equations for calculating the life of a sliding sys- 
tem. 


O Temperaturnom Metode Otsenki Smazoch- 
noi Sposobnosti Masel. G. V. Vinogradov. 
AN SSSR Otd. Tekh. Nauk Izv., Apr., 1958, pp. 
138-140. 15 refs. In Russian. Description of 
a method for the evaluation of lubricating prop- 
erties of certain oil types. 


Relation of Journal Bearing Performance to 
Minimum Oil-Film Thickness. F. W. Ocvirk 
and G. B. DuBois. U.S., NACA TN 4223, Apr., 
1958. 48pp. 12 refs. 


High Energy Solid Fuels May Be Hybrids. 
Michael Yaffee. Av. Week, Tune 23, 1558, pp. 
47, 50, 51. Discussion of current trends in solid 
fuel research. 


Recherches sur Quelques Propriétés de Cer- 
tains Hypergols. Jacques Francon. France, 
Min. del’ Air NT 66,1957. 46 pp. SDIT, 2 Av. 
Porte-d’Issy, Paris 15, Frs. 650. In French. 
Survey of experimental ‘results and description of 
apparatus used to study the properties of various 
propellants. 


Hydrogen Peroxide; Is It a Logical Source for 


Power, Water and Oxygen in Space Flight? N. 
S. Davis, Jr., and S. S. Naistat. Aircraft & 
Missiles Mfg., May, 1958, pp. 54-56. Discussion 


on the physical and chemical properties of hydro- 
gen peroxide for space travel purposes. Some 
specific applications are described. 


Dilution of Liquid Oxygen be 2 wre Is 
Used for Pressurization. T. J. Walsh 
Hibbard, and P. M. Ordin. U-S., NACA RM 
E58A03a, Apr. 1, 1958. 17 pp. Presentation of 
a graphical method for determining the composi- 
tion and phases existing within a propellant tank 
when liquid oxygen is pressurized with nitrogen 
gas. 


Ice Formation & Prevention 


Canadian Research in the Field of Helicopter 
Icing. Appendix—Sample Calculation, Illustrat- 
ing Relationship Between Liquid Water Content 
and Ice Thickness on Rotor Blades. J. R. Stall- 
brass. (Helicopter Assn. Gt. Brit. Meeting, ta 
don, May 9, 1958.) Helicopter Assn. Gt. Brit. J., 
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“ECLIPSE” a recent painting by Simpson-Middleman, gifted artistic 
interpreters of the physical sciences. About this new expression they 
write: ‘*‘Eclipse was painted as a result of watching an actual eclipse 
of the sun. We were particularly struck with the curious light that 
was both dim and g'owing and the unusual pattern of the shadows 
on the leaves of the trees around us. We had never seen any- 
thing like it before.”” Painting courtesy of John Heller Gallery, Inc. 


Space projects at Boeing 


Engineers and scientists at Boeing are at work 
on advanced projects that include a space 
weapon system based on a manned orbital vehicle 
capable of re-entry into the atmosphere and 
normal landing. This major contract-supported 
program is a result of recognition of Boeing’s 
space-age orientation, its tremendous technical and 
research capability and its extensive weapon system 
management experience. 


Among other space efforts at Boeing is a study for 
an unmanned Martian reconnaissance vehicle pow- 
ered by an ion accelerator. The vehicle would escape 
at low continuous thrust to an Earth-Mars transfer 


orbit, then descend to a Martian orbit where it would 
optically observe the surface of the planet. The 
controllable-thrust capabilities of ion propulsion 
would permit correction of flight-path deviations 
from a “memory” electronically pre-programmed 
into the vehicle. Fine corrections would be made 
possible by an optical star-tracking system. 


These and other rapidly expanding space flight pro- 
grams have created exceptional career opportunities 
at Boeing for scientists and engineers of all cate- 
gories. For complete details, drop a note now to Mr. 
Stanley M. Little, Department A-81, Boeing Airplane 
Company, Seattle 24, Washington. 
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Aug., 1958, pp. 169-196; Discussion, pp. 197- 
206. 10 refs. Includes description of the flight 
test facility used to assess the effect of icing on 
helicopter performance and to evaluate icing pro- 
tection systems. 


A Flight Evaluation and Analysis of the Effect of 
Icing Conditions on the ZPG-2 Airship. William 
Lewis and P. J. Perkins, Jr. U.S... NACA TN 
4220, Apr., 1958. 66 pp. 17 refs. Description 
of test flights which indicate that icing in clouds is 
confined to wire and small components, but freez- 
ing rain and drizzle can also produce icing on the 
envelope. 


The Icing of Compressor Blades and Their 
Protection by Surface Heating. Appendix I 
Calculation of Droplet Temperature. Appendix 
I1—The Latent Heat of Fusion. Appendix III— 
Heat Transfer in a Tube. Appendix I[V—The 
Conduction Factor. Appendix V—Calculation of 
Requirements for Anti-Icing a Row of Inlet Guide 
Vanes. G. L. Shires and G. E. Munns. Gt. 
Brit., ARC R&M 3041 (June, 1955) 1958. 41 
pp. BIS, New York, $2.70. 


Icing Frequencies Experienced During Climb 
and Descent by Fighter-Interceptor Aircraft. 
Appendix A, B—Calculation of Probability of 
Average ge ag Content When Icing is 
Encountered During Climb and Descent. Ap- 
endix C—Calculation of Total Ice Accretion 
robabilities When Icing is Encountered During 
Climb and Descent. Appendix D—Calculation 
of Icing Expectancies for Climb and Descent 
Phases of High-Altitude Flight. P. J. Perkins. 
U.S., NACA TN 4314, July, 1958. 30 pp. 


Droplet Impingement and Ingestion by Super- 
sonic Nose Inlet in Subsonic Tunnel Conditions. 
Appendix A, B—Local Surface Velocity Distribu- 
tion on Nose-Inlet Model. Appendix C—-Anal- 
ysis of Data. T. F. Gelder. U.S.. NACA TN 
4268, May, 1958. 56 pp. 28 refs. Investiga- 
tion of the cloud droplet impingement and inges- 
tion characteristics of a full-scale supersonic nose 
inlet with conical centerbody at angles of attack 
of 0° and 4.2° over a range of ratios of inlet to 
free-stream velocity from about 0.4 to 1.8. 


Instruments 


A New Probe Method for Measuring Ionized 
Gases. Takayoshi Okuda and Kenzo Yama- 
moto. Phys. Soc. Japan J., Apr., 1958, pp. 411 

418. 17 refs. Method based on the idea that 
the end of cylindrical probe affects the surface 
area of the sheath. The first stage of the experi 
mental development is to measure the sheath 
radius by using a variable-length structure. 


La Disposizione degli Strumenti di Volo sui 
Cruiscotti dei Velivoli da Trasporto. Carlo 
Jereb. Riv. Aero., June, 1958, pp. 865-871. In 
Italian. Survey of current panel-instrument in- 
stallations in transport aircraft. 


Flight Instruments 


Monitor Designed to Aid Jet Takeoffs. P. | 
Klass. Av. Week, June 23, 1958, pp. 65-71 (ff.). 
Description of four different instruments de- 
signed to warn a pilot when his aircraft is not ac- 
celerating fast enough to complete a successful 
take-off. 


The Takeoff Progress Indicator. Jack Andre- 
sen and E. H. Schroeder. SAE Nail. Aero 
Meeting, New York, Apr. 8-11, 1958, Preprint 
38C. 9 pp. Discussion covering an instrument 
designed to show, at any moment, whether the 
existing thrust, applied over the entire usable 
runway length, is sufficient to cause the airplane 
ee the required minimum I. A. S. for take- 
on. 


Gyroscopes 


Ob Ustoichivosti Dvizheniia Tiazhelogo Sim- 
metrichnogo Giroskopa v Kardanovom Podvese. 
K. Magnus. Préskil. Mat. i Mekh., Mar.-Apr.., 
1958, pp. 173-178. In Russian. Study of the 
stability of motion of a heavy symmetrical gyro on 
a gimbal support. 

Ob Ustoichivosti Nekotorykh Chastnykh Slu- 
chaev Dvizheniia Simmetrichnogo Giroskopa, So- 
derzhashchego Zhidkie Massy. S. V. Zhak 
Prikl. Mat. t Mekh., Mar.-Apr., 1958, pp. 245 
249. In Russian. Analysis of the stability of 
motion of a symmetrical gyroscope containing 
ideal incompressible liquid in its ellipsoid cavity. 


Pressure Measuring Devices 


Pressure Measurement in Armament Research. 
A. J. Cable. (VATO AGARD Wind-Tunnel & 
Model-Testing Panel, London, Mar. 24-28, 1958.) 
NATO AGARD Rep, 177, Mar., 1958. 10 pp. 


Recording Equipment 

Designing the Datatape Airborne Recorder. 
CEC Recordings, Mar.-Apr., 1958, pp. 16, 17. 
Description of the isolation approach for the air- 
borne recorder. 

Some Methods of Recording Varying Quantities 
in Digital Form by Mirror B.S 


Crawshaw and C.R. Hunt. Gt. Brit., RAE TN 
Instn. 162, Feb., 1958. 25 pp. 


Stress & Strain Measuring Devices 


Strain Gages for Jet Engine Research. R. H. 
Kemp. Electronic Ind., May, 1958, pp. 53-57, 88, 
90. Discussion of new bonding materials and 
techniques for testing turbojet engines with strain 
gages mounted on turbine blades. 

Resistance Changes in Resistance Strain 
Gauges. I.G.Scott. Australia, ARL S&M Note 


244, Apr., 1958. 12 pp. 
A Gauge Factor Meter. I. G. Scott. Aus- 
tralia, ARL S&M Note 243, Apr., 1958. 7 pp. 


Description of an instrument to determine gage 
factors of electrical resistance strain gages. 

Behind the Rascal. CEC Recordings, Mar.- 
Apr., 1958, pp. 12-14. Presentation of a trans- 
ducer calibration system. 


Laws & Regulations 


Some Aspects of Civil Law Regarding Nuisance 
and Damage Caused by Aircraft. R. H. Man- 
kiewicz. J. Air Law & Commerce, Winter, 1958, 
pp. 44-54. 22refs. Discussion of actions based 
on property rights, negligence of the operator of 
the aircraft or airport, and on absolute liability. 

Sonic Boom: A Definition and Some Legal 
Implications. A. J. Roth. J. Air Law & Com- 
merce, Winter, 1958, pp. 68-75. 10 refs. Dis- 
cussion of the sonic boom phenomenon and of 
some legal implications. 

Nationality of Aircraft and Nationality of Air- 
lines as Means of Control in International Air 
Transportation. J. G. Gazdik. J. Air Law & 
Commerce, Winter, 1958, pp. 1-7. Discussion of 
the apparent anomalies in the present forms of 
international air transportation controls. 

The Case Against National Sovereignty in 
Space. William Hildred and Frederick Tymms. 
The Aeroplane, May 23, 1958, pp. 712-714. 


Machine Elements 
Bearings 


Selecting Bearing Metals That Will Not Seize. 
C. L. Goodzeit. (ASME Conf. Des. Eng., Chi- 
cago, Apr., 1958.) Materials in Des. Eng., June, 
1958, pp. 105-109. 

The Influence of Plain Bearings on Shaft Whirl- 
ing. Appendix I—Details of Experimental Rig. 
II—Calculated Flexibilities of a Shaft 
in Plain Bearings. Appendix III—The Effects of 
Non-Linear Stiffness on the Critical Whirling 
Speed. Appendix IV—The Dry Friction Whirl. 
E. Downham. Gt. Brit., ARC R&M 3046 (Oct., 
1955) 1958. 25 pp. BIS, New York, $1.62. 
Friction 

O Deformatsiiakh Poverkhnostnykh Sloev pri 
Trenii Skol’zheniia. A. S. Radchik and V. S. 
Radchik. AN SSSR Dokl., Apr. 11, 1958, pp. 
933-935. In Russian. Study of the deformation 
of surface layers due to sliding friction. 

Issledovanie Temperaturnoi Ustoichivosti De- 
formatsionnykh Iskazhenii i Kinetiki Razuproch- 
neniia Poverkhnostei Treniia. K. V. Savitskii 
and M. P. Zagrebennikova. AN SSSR Dokl., 
Mar, 21, 1958, pp. 490-493. In Russian. In- 
vestigation of the temperature stability of strain 
deformations and the kinetics of friction surface 
recovery from strain hardening. 


Rotating Discs & Shafts 


Ispytaniia Vrashchaiushchikhsia 
Diskov s Ekstsentrichno Raspolozhennymi Ot- 
verstviiami. M. . Kobrin. Teploenergetika, 
May, 1958, pp. 21-25. In Russian. Results of 
strength tests on turbine discs without and with 
eccentrically arranged holes. 


Seals 


Rotary Shaft Seals: The Sealing Mechanism 
of Synthetic Rubber Seals Running at Atmos- 
pheric Pressure. E. T. Jagger. (JME General 
Meeting, London, Mar. 29, 1957, Paper.) IME 
Proc., No. 18, 1957, pp. 597-604; Discussion, pp. 
605-607; Communications, pp. 608-612; Au- 
thor’s Reply, pp. 613-616. 


Materials 


Ceramics & Ceramals 


Materiali Ceramico-Metallici, Materiali Cera- 
mici e Rivestimenti Protettivi per Alte Tempera- 
ture nei Propulsori a Reazione. R. M. Corelli. 
L’ Aerotecnica, Apr., 1958, pp. 71-87. 27 refs. 
In Italian. Examination and critical comparison 
of ceramic materials for use in vital parts of mod- 
ern jet engines subject to elevated temperatures. 
Production methods, application, and perform- 
ance characteristics are reviewed, and an analy- 
sis > the future possibilities of such materials is 
made. 


Corrosion & Protective Coatings 


Hard Finishing Processes Compared. 


(Light 
Metals, May, 1957.) 


ADA Res. Rep. 69, 1957. 
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4 pp. 12 refs. Reprint. Description of three 
types of processes: hard anodizing, hard plating 
and spraying on of hard materials. Discussion ip. 
cludes the properties, cost, and applications 

Recherches sur la Diffusion de 1’Aluminium et 
du Beryllium dans le Nickel et ses Alliages 
Vue de Leur Protection Contre 1’Action des Gaz 
Chauds. H. Biickle and J. Moisan. La Recher. 
che Aéronautique, May-June, 1958, pp. 27-33, 
In French. Investigation of the diffusion of aly. 
minum and beryllium in nickel and its alloys iy 
order to provide a protection from the effect of 
hot gases. 

Poluchenie Tonkosloinykh Silikatnykh Pokrytij 
iz Rastvorov. A.I. Borisenko. AN SSSR Dokl., 
Mar. 11, 1958, pp. 339-341. 11 refs. In Rus. 
sian. Discussion covering the production of thiy 
silicate coatings for metals, alloys, and ceramic 
materials. 

The Surface Treatment of Magnesium Castings 
by the Fluoride Anodising Process. J. K. Wilson 
and F. D. Waldron-Trowman. Light Metals, 
June, 1958, pp. 186-188. 

‘*Hard Anodizing’? Magnesium. Edward De. 
lamater. Aircraft & Missiles Mfg., June, 1958, 
pp. 48-52. Discussion of an electrolytic and bi- 
fluoride-dichromate treatment that gives in. 
creased corrosion and abrasion resistance. 


High Temperature 


Properties of Materials at High Temperatures, 
Tech. News Bul., June, 1958, pp. 112-119. De. 
scription of a research program including study of 
the behavior of gases, metals, and alloys, as well 
as determination of thermodynamic quantities, 
mechanical properties, and high-temperature ra- 
diation characteristics. 


Metals & Alloys 


Koeffitsienty Lineinogo Rasshireniia Razbay- 
lennykh a-Tverdykh Rastvorov Fe s Cr, Moi W, 
Iu. G. Miller. AN SSSR Dokl., Mar. 21, 1958, pp. 
488, 489. In Russian. Determination of linear 
expansion coefficients of diluted a-solid solutions 
of Fe with Cr, Mo, and W. 

Nekotorye Zakonomernosti v Dvoinykh Metal- 
licheskikh Sistemakh. O.S. Ivanov. AN SSSR 
Dokl., Apr. 21, 1958, pp. 1,142-1,144. In Rus- 
sian. Discussion of certain regularities in binary 
metal systems. 

Formation of Solid Solutions by Precipitation. 
G. Natta and L. Passerini. (Gazz. Chim. Ital., 
No. 58, 1928, pp. 597-618.) Gt. Brit., RAE Lib. 
Transl. 743, June, 1958. 16 pp. 11 refs. 

Struktura i Svoistva Splavov Sistemy Vanadii- 
Molibden. V. V. Baron, Iu. V. Efimov, and E. 
M. Savitskii. AN SSSR Otd. Tekh. Nauk I20., 
Apr., 1958, pp. 36-40. In Russian. Investiga- 
tion of the structure and properties of V-Mo sys- 
tems. Tests include those for microstructure, 
hardness, microhardness, and plasticity. 


Izmenenie Mikroneodnorodnosti Splavov pod 
Vliianiem Nagreva. Z. A. Sviderskaia, M. E. 
Drits, and E. S. Kadaner. AN SSSR Dokl. 
Mar. 11, 1958, pp. 311-313. In Russian. Deter- 
mination of the microinhomogeneity variation in 
alloys subjected to heating. 

Research on the Creep of Metals. E.N.daC. 
Andrade. Imper. Coll. Sci. & Tech., Roy. Sch. 
Mines, Dept. Metal. Rep. (AFOSR TN S58 
227) [AD 154129], Jan., 1958. 24 refs. Investi- 
gation of the way in which different stages in the 
creep process are governed by the behavior of the 
crystal grains of which the metal is composed. 

Vliianie Legirovaniia na Temperatury Poli- 
morfnykh Prevrashchenii Metallov. 0. S. Iva 
nov. AN SSSR Dokl., Mar. 11, 1958, pp. 271- 
273. In Russian. Determination of the effect of 
admixtures on the temperature of polymorphous 
transformations of metals. 


On the Fatigue Limit of Metals. P. Feltham. 
Philos. Mag., 8th Ser., Aug., 1958, pp. 806-810. 
Evaluation of existing experimental data and 
theoretical considerations and of the extent to 
which they provide evidence on the temperature 
independence of the ratio ¢;/a,. 


Formation of Fatigue Cracks. W. A. Wood. 
Philos. Mag., 8th Ser., July, 1958, pp. 692-699. 
16 refs. Study in which the slip bands produced 
by fatigue straining of metals are observed by 
optical microscopy. The observations indicate 
ways in which the slip bands may turn into cracks 
and start disintegration of the metal surface. 


Programme Fatigue Tests on Notched Bars to 
a Gust Load Spectrum. Appendix—Extruded 
Aluminium Alloy Bar to Specification D.T.D. 363A 
(Zinc-Bearing Alloy). W. A. P. Fisher. Gi. 
Brit., RAE TN Struc. 236, Mar., 1958. 
10 refs. 


Dlitel’naia Prochnost’ Splava EI-437B pri 
Slozhnom Napriazhennom Sostoianii. V. P. 
Sdobyrev. AN SSSR Otd. Tekh. Nauk Izv., Apt., 
1958, pp. 92-97. In Russian. Description of 
tests on the lasting strength of EI-437B alloy um 
der complex stress, and presentation of experimet- 
tal results, 

High-Temperature Metals. I. J. J. Harwood. 
Aircrajt & Missiles Mfg., May, 1958, pp. 32-38. 
Discussion on the use of aluminum, magnesium, 
and titanium alloys, and of stainless steels for 
advanced aircraft and missile development. 


19 pp. 


Some | 
berylli 
Tre 
3 
= 
Creep 
| Kissel 
Supt. 
a 
W. Fi 
53 PE 
Viasc 
Tem 
Otd. 
Bint 
282, 
Ing¢ 
ae 
| 
| 


of three 
1 plating, 
USS10N ip. 
ons 


effect of 
Po 


ives in- 


9 De 


study of 
, as well 
antities, 
ture ra- 


olutions 


_Metal- 
V SSSR 
in Rus- 
| binary 


itation, 


vestiga- 
Mo sys- 
‘ucture, 


Deter- 
tion in 


Some interesting properties of thermenol and 
beryllium are stated. 

Trends in High Temperature Metals. II. J. 
J. Harwood. Aircraft & Missiles Myg., June, 
1958, pp. 42-46. Discussion of metals and com- 

ite materials for re-entry, gas-turbine, and 
rocket applications. 

Compressive Strength and Creep of 17-7 PH 
Stainless-Steel Plates at Elevated Temperatures. 
B.A. Stein. U.S.. NACA TN 4296, July, 1958. 
33 pp. 

Influence of Alloying pen Grain-Boundary 
Creep. F. N. Rhines, W. E. Bond, and M. A. 
Kissel. U.S., NACA - F334; 1957. 6 pp. 
Supt. of Doc., Wash., $0.1 

Influence of Heat hehe on Microstructure 
and High-Temperature Properties of a Nickel- 
Base Precipitation-Hardening Alloy. Appendix 
—Analysis of Significance of Property Differences. 
R. F. Decker, J. P. Rowe, W. C. Bigelow, and J. 
W. Freeman. U.S., NACA TN 4329, July, 1958. 
53 pp. 15 refs. 

Sostav—Zharoprochnost’ Dvoi- 
aykh Sistem Titan-Vanadii i Titan-Niobii. V.S. 
Vlasov and I. I. Kornilov. AN SSSR Otd. Tekh. 
Nauk Izv., Apr., 1958, pp. 31-35. 12 refs. In 
Russian. Study of the strength properties of 
Ti-V and Ti-Nb binary systems at elevated tem- 
peratures. 

Polzuchest’ EI-437B pri or 
Temperaturakh. M. Ivanova. AN SSSR 
Otd. Tekh. Nauk Bsa Apr., 1958, pp. 98, 99. In 
Russian. Experimental investigation of creep in 
EI-437B alloys at variable temperatures. 


The Mechanical Properties at High Rates of 
Heating and Loading of F. S. M. 1 Stainless Steel 
Sheet, at Temperatures Up to 500°C. M. S. 
Binning and B. Angell. Gt. Brit., RAE TN Met. 
282, Feb., 1958. 20 pp. 

Transgranular and Fracture of 
Ingot Iron During Creep. L.A. Shepard and W. 
H. Giedt. U. S.. NACA TN 4285, Aug., 1958. 
2% pp. 24 refs. 

Recherches sur le Mécanisme d’Oxydation de 
Cristaux Uniques de Fer 4 Haute Température et 
sous Basse Pression d’Oxygéne. Jean Bardolle. 
France, Min. del’ Air PST 327,1957. 62pp. 47 
refs. SDIT, 2, Av. Porte-d’Issy, Paris 15, Frs. 
1,000. In French. Experimental investigation 
of the effect of pressure and temperature on the 
oxidation of single iron crystals, as well as study 
of the relationship between metal and ferrous 
oxide orientation. 


Metals & Alloys, Nonferrous 


Plastic Deformation of Nickel Single Crystals 
at Low Temperatures. Peter Haasen. Philos. 
Mag., 8th Ser., Apr., 1958, pp. 384-418. 44 refs. 


Internal-Friction Study of Aluminum Alloy 
Containing 4 Percent B. S. 
Berry and A. S. Nowick. U.S., NACA TN 225, 
Aug., 1958. 88 pp. 57 refs. 


The Upper Temperature Limit of Stability of 
Guinier-Preston Zones in Ternary Aluminium- 
Zinc-Magnesium Alloys. I. J. Polmear. Aus- 
ARL Note Met. 9, Mar., 1958. 8Spp. 11 
rels. 


Microstructures of Commercial Titanium and 
Titanium Alloys. G. I. Lewis. Gt. Brit., RAE 
TN Met. 283, Mar., 1958. 19 pp. 20 refs. 


Nonmetallic Materials 


Guide to Materials Standards and Specifica- 
tions. IV—Plastics and Rubber. S. P. Kaida- 
tie Materials in Des. Eng., June, 1958, pp. 


The Fatigue and Tensile Properties of Redux 
Joints Between Aluminium Alloy DTD 646 Sheets 
at Temperatures of —60°C, Room Temperature 
and + 70°C Gunn. Gt. Brit., RAE TN 
Met. 277, Mar., 1958. 12 pp. 


Biaxial Stress Theory for Inflatable Wing 
Fabrics: Development of an Elliptical Bursting 
Test. Appendix—Poisson’s Ratio for Bias Ply 
Fabric. A. Baker. Gt. Brit., RAE TN Chem. 
1327, Apr., 1958. 20 pp. 


The Evaluation of ‘‘Maranyl’’ Nylon (‘‘Cala- 
ton’’) as a Rain Erosion Resistant Material. 
Appendix—Application of ‘‘Maranyl’’ to Surfaces. 
J. H. Sewell. Gt. Brit., RAE TN Chem. 1326, 
Feb., 1958. 7 pp. 


Chemical Finishes for Glass and Their In- 
fluence on the Properties of Glass-Fibre Lami- 
nates. E.W.Russell. Gi. Brit. RAE Rep. Chem. 
516, Feb., 1958. 19pp. 21 refs. 


Reinforced Plastics at 3,000 to 25,000 F. M. 
W. Riley. Materials in Des. Eng., June, 1958, pp. 
100-104. Presentation of properties for plastics 
and discussion of the characteristics that are re- 
sponsible for high-temperature erosion resistance. 
These properties include: (1) high heat capacity, 
(2) capacity to generate surface gas on heating, 
and (3) low thermal conductivity. 


Teflon—High and Low Temperature Properties. 
Aircraft Missiles Mfg., June, 1958, pp. 20-24. 


Fluoroelastomer. Aircraft & Missiles Mfg., 
June, 1958, pp. 28, 29. Discussion of the prop- 
erties of polymerized fluorinated olefins, which 
include good performance at 400°F. and resistance 
to organic chemicals. Various applications are 
also presented. 


2 Materials for Aircraft—A Review. 
W. Russell. (VATO AGARD 6th Structures 
be Materials Panel, Paris, Nov. 4-8, 1957.) NATO 
AGARD Rep. 160, Nov., 1957. 14 pp. 15 refs. 


Testing Methods 


Testing of Machinability by Radioactive Meth- 
ods. Bertil Colding. Acta Polytechnica Scandi- 
navica Me 1 (243), 1958. 73 pp. 27 refs. 


Mathematics 


Series Expansions and General Transforms. 
J. B. Miller. Cambridge Philos. Soc. Proc., July, 
1958, pp. 358-367. 16 refs. Extension of Gui- 
nand’s result to transforms by generalized Fourier 
kernels of the Watson type showing that such re- 
sults are special cases of quite general theorems. 
Also included are classes of summation formulas 
as particular cases. 


Nodal Expansions. II—-The General Expan- 
sion of nth Order. Emmanuel Meeron and E. R. 
Rodemich. Phys. Fluids, May-June, 1958, pp. 
246-250. Summation and conversion into a 
second-order expansion of the first-order nodal 
expansion of potentials of average force and dis- 
tribution functions. The method is generalized, 
and recursion formulas are given for nth order 
expansions of potentials of average force in terms 
of ‘‘sheaf potentials.’’ A brief discussion of actual 
calculations is made. 


Predel’noe Povedenie Raspredeleniia x? v Slu- 
chae Bol’shikh Uklonenii. Vol’fgang Rikhter. 
AN SSSR Dokl., Apr. 1, 1958, pp. 652-654. In 
Russian. Application of a multidimensional local 
theorem for small deviations in order to obtain a 
solution in the case of large deviations. 


Nereguliarnye Poverkhnosti Ogranichennoi 
Vneshnei Krivizny. I. Ia. Bakel’man. AN 
SSSR Dokl., Apr. 1, 1958, pp. 631, 632. In Rus- 
sian. Solution of the problem covering the de- 
termination of nonregular surfaces of bounded ex- 
ternal curvature. 


TELEFLIGHT 


NEW 180 


RBORNE PRESSURE TRANSDUCER 


Weighing less than 10 ozs., with infinite resolution, and 
BONDED STRAIN GAGE construction. The Taber Teleflight 
is available in pressure ranges of 0-750 and 0- 1000 (PSIA 


or PSIG). Built-in overload of 100%. Can be used with standard 


servo indicators, recorders and controllers to measure 


liquid or gas pressures. Handles extremely corrosive media 
including fuming NITRIC ACID. Linearity 0.3%, Hysteresis 


0.25% of F.S. at any given point, Ambient temperature 
-65° F. to + 250° F. (18° C. to 121° C). 


WRITE FOR ILLUSTRATED LITERATURE 
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TABER INSTRUMENT CORPORATION 
107 Goundry St. North Tonawanda, N. Y. 


TWX -TON 277 


103 


Linium et 
liages en 
des Ga; 
1 Recher. 
». 27-33, 
of aly. 
In Rus. 
n of thin 7 
ceramic 
Castings 
Metals, 
yard De. 
1e, 1958, 
Razbav- 
Mo i W. 
95 
958, pp. 
of linear 
n. Ital., 
AE Lib. 
‘anadii- 
and E. 
uk Isp, 
nvesti 
— accurate an ependable 
a and — | 
: 
: 
ed by : 
Gt 
XUM 


O Edinstvennosti Predel’nykh Tsiklov Neko- 
torykh Uravnenii Nelineinykh Kolebanii. 
Chzhan Chzhi-Fen. AN SSSR Doki., Apr. 1, 
1958, pp. 659-662. In Russian. Derivation of the- 
orems on the existence of a unique limit cycle for 
some systems of nonlinear-oscillation equations. 


Ob Ustoichivosti Kvazilineinykh Sistem s Pos- 
ledeistviem. N. N. Krasovskii. AN SSSR 
Dokl., Mar. 21, 1958, pp. 435-438. 13 refs. In 
Russian. Determination of the stability of qua- 
silinear systems with after effects. 

O Skhodimosti Nekotorykh Konechnoraznost- 
nykh Protsessov dlia Uravnenii y’ = / (x i 
y’ (x) = f (x, (x), » (x (x))). 
bunov and B. M. Budak. AN SSSR Doki., 
Apr. 1, 1958, pp. 644-647. In Russian. Deter- 
mination of the convergence of some finite-dif 
ference processes for the solution of Cauchy prob- 
lems in the case of specific equations. 


Prodolzhenie Obobshchennogo Sluchainog 
Protsessa do Vpolne Additivnoi Mery. R. A. 
Minlos. AN SSSR Dokl., Mar. 21, 1958, pp 
439-442. In Russian. Analysis covering the 
continuation of a generalized random process to a 
completely additive measure. 


Operational Formulae for Response Calcula- 
tions. S. Neumark. Gt. Brit., ARC R&M 3075 
(June, 1956) 1958. 48pp. BIS, New York, $3.06. 

Sistemy Polnykh Osobykh Integral’nykh Urav- 
nenii Tipa Svertki. R. Kh. Zaripov. AN 
SSSR Dokl., Mar. 21, 1958, pp. 429-432. In 
Russian. Analysis of systems of complete singu- 
lar integral equations of the convolute type. 

O Sviazi Integral’nykh Uravnenii Tipa Svertkis 
Iadrom Koshi. S. V. Ianovskii. AN SSSR 
Doki., Mar. 21, 1958, pp. 458-461. In Russian. 
Determination of the relation of the integral 
equations of the convolute type to equations hav- 
ing a Cauchy kernel. 

Fundamental’noe Reshenie Lineinogo Urav- 
neniia v Chastnykh Proizvodnykh s Postoian- 
nymi Koeffitsientami. V. A. Borovikov. N 
SSSR Dokl., Mar. 21, 1958, pp. 407-410. In 
Russian. Derivation of a basic solution for a 
linear partial differential equation with constant 
coefficients. 

Metod Priamykh v Smeshannykh Zadachakh 
dlia Parabolicheskikh Sistem. E. A. Grigor’eva. 
AN SSSR Dokl., Apr. 1, 1958, pp. 648-651. In 
Russian. Development of a straight-line method 


KNOWN 
THROUGHOUT THE WORLD 
FOR DEPENDABILITY 


SIMMONDS PRECISION PRODUCTS 


LIGHTWEIGHT PACITRON LIQUID QUANTITY MEASUREMENT 
AND MANAGEMENT SYSTEMS: Liquid quantity measure- 
ment and management systems feature latest tech- 
nological improvements. Provide accurate gaging of 
fuel, oil, liquid oxygen and other conductive and non- 
conductive liquids. Consistent reliability and dynamic 
progress are typified by the True Volume and True 
Weight Gaging Systems and by such management 
functions as Load Limit Control, Center of Gravity 
Control, Multiplexing and Level Switching. 

SIMMONDS SU FUEL INJECTION SYSTEMS: The only ad- 
vanced type fuel injection system in production for 
gasoline engines. Offers improved fuel economy and 
fuel distribution; better starting, idling, acceleration 
and deceleration; improved cold starts; eliminates 
icing problems. Used on ordnance, aircraft, drone 
automotive, truck and marine engines. 

LIQUID LEVEL SENSING SYSTEMS: Provides accurate level 
indication of fuel, oil, liquefied gases and many other 
liquids. Can be used to operate a warning light, or 
to actuate pumps and valves to transfer liquids. Sys- 
tem is rugged, has no tubes or moving parts, is light 
and compact. 

PRECISION PUSH-PULL CONTROLS: Simmonds Push-Pull 
Controls are positive, precise and rugged. Simple to 
install and easy to inspect, require negligible mainte- 
nance. Capable of handling heavy loads under extreme 
vibration and temperature conditions. Variety of sizes 
and weights available with a wide selection of end 
fittings and attachments. 

FLUSH FITTING LATCHES: General purpose latches avail- 
able for surface or skin mounting and ultra-high 
strength latches for structural mounting. Both types 
are flush fitting on flat or curved surfaces. Wide 
selection of fittings are available. Latches are easy to 
open and are self closing, and positive locking. 
BEACONRY: Simmonds Beaconry is designed to meet 
the urgent need for greater reliability in air-sea rescue, 
missile recovery, and location equipment. Sub-minia- 
turized radio-frequency generating packages transmit 
intelligence to indicate location. Advantages offered 
include increased reliability, greater range, longer 
operating life and continual homing signal. 


Si. monds 


AEROCESSORIES, INC. 
General Offices: Tarrytown, New York 
Branch Offices: Glendale, California + San Diego, California + Detroit, Michigan 


Dallas, Texas * Dayton, Ohio + St. Louis, Missouri + Washingt 
ian Licensee: Simmonds Aerocessories of Canada Limited, Hamilton, Ontario 
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for the solution of mixed problems involving 
parabolic systems, 

Reshenie Parabolicheskikh Uravnenii Proiz, 
vol’nogo Poriadka Metodom Setok. V. K 
Saul’ev. AN SSSR Dokl., Apr. 1, 1958, pp. 655: 
658. In Russian. Development of a method fo 
the solution of random parabolic equations by 
means of nets. 

Simmetrichnye Energeticheskie Neravenstyaj 
Smeshannaia Zadacha. A.A. Dezin. AN SSSR 
Dokl., Mar. 21, 1958, pp. 425-428. In Russiag, 
Derivation of a generalized solution for the mixeg 
problem and determination of symmetric energy 
inequalities, 

The Spectral Resolution of Watson Transform, 
E. J. Akutowicz. Cambridge Philos. Soc. Prog. 
July, 1958, pp. 368-376. : 

Ob Ustoichivoi Sisteme Chastnykh Indeksgoy 
Zadachi Gil’berta dlia Neskol’kikh Neizvestnykh 
Funktsii. I. Ts. Gokhberg and M. G. Kreig 
AN SSSR Dokl., Apr. 11, 1958, pp. 854-857 
In Russian. Analysis of the stable system of par- 
tial indices in the Hilbert problem for several up. 
known functions. 


Obobshchennaia Zadacha Rimana-Gil’berta y 
Sluchae Otritsatel’nogo Indeksa. V. Shmidt, 
AN _ SSSR Doki., Apr. 11, 1958, pp. 893-895 
In Russian. Analysis of the generalized Rig 
mann-Hilbert problem in the case of a negative 
index. 

Sopriazhennye Normy Liapunova. R. E. Vino 
grad. AN SSSR Dokl., Mar. 21, 1958, pp. 415 
417. In Russian. Evaluation of conjugate Lia 
punov norms with the analysis limited to n-di 
mensional Euclidean spaces and norms taking og 
real numerical values. 

Ob Osobom Sluchae Zadachi Rimana-Gil’. 
berta. B. V. Boiarskii. AN SSSR Dokl., Mar 
21, 1958, pp. 411-414. In Russian. Analysis of 
a special case of the Riemann-Hilbert problem. 

O Raspredelenii Uzlov v Interpoliatsionnom 
Protsesse S. N. Bernsteina. D. L. Berman, 
AN SSSR Dokl., Apr., 21, 1958, pp. 1,663-—1,06% 
In Russian. Evaluation of the distribution of 
nodes in the Bernstein interpolation process. 


An Approach to a Class of Queuing Problems, 
Olle Swensson. (Oper. Res., Mar.-Apr., 1958) 
Ericsson Tech., No. 1, 1958, pp. 71-90. 11 refs, 

Application of Operations Research to Develop- 
ment Decisions. Burton Klein and William 
Meckling. (Oper. Res. Soc. Am., 12th Nail, 
Meeting, Pittsburgh, Nov. 15, 1957.) Oper. Res, 
May-June, 1958, pp. 352-363. Discussion of the 
nature of a development problem and description 
of an efficient way of conducting a development 
program. 

Obshchii Sluchai Ustoichivosti Kharakteris- 
ticheskikh Pokazatelei i Sushchestvovaniia Ve- 
dushchikh Koordinat. R. E. Vinograd. AWN 
SSSR Dokl., Apr. 1, 1958, pp. 633-635. In Rus- 
sian. Analytical approach to the general case of 
the stability of characteristic exponents and the 
existence of leading coordinates. 

O Begushchikh Volnakh Uravnenii Gazovoi 
Dinamiki. Iu. Ia. Pogodin, V. A. Suchkov, and 
N. N. Ianenko. AN SSSR Dokl., Mar. 21, 1958, 
pp. 443-445. (Alsoin Prikl. Mat. i Mekh., Mar. 
Apr., 1958, pp. 188-196.) In Russian. Evalua- 
tion of progressive waves in equations of gas dy- 
namics (polytropic gas) used as the basis for the 
analysis. 

O Priblizhennom Postroenii Nekotorykh Kva- 
zikonformnykh Otobrazhenii. B. A. Vertgeim. 
AN SSSR Dokl., Mar. 11, 1958, pp. 203-206. 
In Russian. Analysis of the problem of approxi- 
mate construction of some quasiconformal map- 
pings. 

On Intrinsic Inequalities Associated with Cer- 
tain Continuous Mappings and Their Application 
to Fibre Spaces. Chang Su-Cheng. Sci. Rec., 
Mar., 1958, pp. 98-100. 

Kraevye Zadachi i Biortogonal’nye Razlozhe- 
niia v Banakhovykh Prostranstvakh. A. L. 
Krylov. AN SSSR Dokl., Apr. 11, 1958, pp. 
865-867. In Russian. Extension of a previously 
developed method of solution and analysis of 
boundary problems and biorthogonal expansions 
in Banach spaces. 


On the Realization of Complexes in Euclidean 
Spaces. Il. Wu en-tsiin. Scientia Sinica, 
Apr., 1958, pp. 365-387. 21 refs. Presentation 
of a general theory which includes the theories of 
van Kampen, Whitney, and Hausdorff. 


Ob Induktivnykh Predelakh Normirovannykh 
Prostranstv. B.M.Makarov. AN SSSR Dokl. 
Apr. 21, 1958, pp. 1,092-1,094. In Russian. 
Application of previously obtained results to the 
case of inductive limits of normed spaces. 


Zadacha Chebyshevskogo Priblizheniia 
Kommutativnom Gil’bertovom Kol’tse. S. I. 
Zukhovitskii and G. I. Eskin. AN SSSR Dokl. 
Apr. 21, 1958, pp. 1,074-1,076. In Russian. 
Study of the problem of Chebyshev’s approxima- 
tion in a commutative Hilbert ring. 


Printsyp Maksimuma v Teorii Optimal’nyk 
Protsessov. V.G. Boltianskii. AN SSSR Dokl., 
Apr. 21, 1958, pp. 1,070-1,073. In Russian. 
Survey of previously obtained results and evalua- 
tion of the maximum principle in the theory of 
optimum processes. 

Tenzornye Proizvedeniia Sistem Geuoe Teo- 
remy ob Universal’nykh Koeffitsientakh dlia 
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From General Motors —Temperatures Made to 


Order! Harrison Cools Engine Oil for New < 
Douglas C-133A Transport! 


High-speed, high-capacity hauling is a cinch for this giant of the sky! It’s the 
Air Force’s fabulous new flying freighter . . . the Douglas C-133A. Powered 


by four mighty turboprop engines, the huge Cargomaster ranges 3500 nautical 
miles with a 40,000-pound load . . . up to 1400 miles with a 95,000-pounds load. 
But heat’s no problem with Harrison on the job. Rugged, reliable Harrison oil 
coolers get first call from Douglas . . . just as they do from many other makers 


of America’s most modern aircraft. They’re another product of Harrison’s 


never-ending search to conquer excessive heat under any flying conditions. 


If you have a temperature control problem, look to Harrison for the answer! 


IARRISON CM 


AIRCRAFT, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS 


Harrison Aircraft Oil 
Coolers— Another 
Quality Product of 
General Motors 
Research 


. 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
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Precision Components...another Kearfott capability. 


. 


precision... 
accuracy... 


performance 


Maximum precision, performance, and accuracy are inherent in 
all Kearfott components. Superior performance under the most 
adverse environmental conditions is assured. 


Synchros: Sizes 25 through 8 
Errors as low as 20 seconds 


Motor-generators: Sizes 15 through 8 
Linearity better than 0.01% 


Servomotors: Sizes 25 through 8 
Wound for transistorized amplifiers 


Components are available to withstand high temperatures (up to 
200°C), severe vibration (to 2000 cps), and shock (to 50 G). 
Corrosion resistance and light weight are further reasons for the 
extensive use of Kearfott components in operational and develop- 
mental missiles and aircraft. Write today for engineering data. 


Engineers: Kearfott offers challenging opportunities 
in advanced component and system development. 
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KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A Subsidiary, of General Precision Equipment Corporation 
Sales and Engineering Offices: 1378 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, II!. South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Gomologii i Kogomologii. M. Bokshtein. AN 
SSSR Doki., Apr. 21, 1958, pp. 1,066-1,069. In 
Russian. Determination of tensor products of 
the systems of groups and universal coefficient 
theorems for homologies and cohomologies. 

O Razlozhenii Tensornogo Proizvedeniia Pred. 
stavienii Osnovnoi Serii Sobstvennoi Gruppy 
Lorentsa na Neprivodimye Predstavieniia. M. 
A. Neimark. AN SSSR Dokl., Apr. 11, 1958, pp, 
872-875. In Russian. Analysis covering the 
expansion of the tensor product of principal series 
representations of the proper Lorenz group into, 
irreducible representations. 

Metod Usredneniia Kanonicheskikh Uravnenii 
Soderzhashchikh ‘‘Kvazitsiklicheskuiu’’ Uglovuiy 
Koordinatu. V. A. Grobov. AN SSSR Dobkl., 
Apr. 11, 1958, pp. 858-860. In Russian. De- 
velopment of a method for averaging standard 
equations containing a ‘‘quasi-cyclic’’ angular 
coordinate. 

O Spektrakh Dinamicheskikh Sistem, Porozh- 
daemykh Statsionarnymi Gaussovskimi Protses- 
sami. I. V. Girsanov. AN SSSR Dokl., Apr. 
11, 1958, pp. 851-853. In Russian. Derivation 
of a partial solution to the problem covering the 
spectra of dynamic systems generated by station- 
ary Gaussian processes. 

O Kharakteristicheskikh Polinomakh Ratsio- 
nal’nykh Simmetrichnykh Matrits Tret’egoPoriad- 
ka. A. P. Shapiro. AN SSSR Dokl., Apr. 11, 
1958, pp. 890-892. In Russian. Analysis of the 
problem covering the characteristic polynomials of 
third-order rational symmetric matrices. 


Disturbance of a Many-Dimensional Field 
Satisfying the Helmholtz Equation Due to the 
Presence of a Hyperplane Boundary. G. C. K. 
Yeh and J. Martinek. Royal Soc. (London) Proc., 
Ser. A, Aug. 19, 1958, pp. 423-428} 

Svoistva Ekstremal’nykh Funktsii v Ekstre- 
mal’nykh Zadachakh dlia Nekotorykh Klassoy 
Analiticheskikh Funktsii s Vzveshennoi Metrikoi. 
G. Ts. Tumarkin and S. Ia. Khavinson. AN 
SSSR Dokl., Mar. 11, 1958, pp. 215-218. 14 refs. 
In Russian. Analysis covering the properties of 
extremum functions in extremum problems for 
certain classes of analytical functions with a 
weighed metric. 


Elliptic Functions and Integrals with Real 
Modulus in Fluid Mechanics. Robert Legendre. 
(France, ONERA Pub. 71, 1954.) U.S., NACA 
TM 1435, June,1958. 113 pp. l6refs. Trans- 
lation. 

Ob Odnom Metode Postroeniia Funktsii Lia- 

unova dlia Lineinykh Sistem s Peremennymi 
oeffitsientami. Ia. N. Roitenberg. Prikl. 
Mat. i Mekh., Mar.-Apr., 1958, pp. 167-172. In 
Russian. Development of a method for the de- 
rivation Of Liapunov’s functions used in the solu- 
tion of linear systems with variable coefficients. 


O Postroenii Funktsii Liapunova iz Integralov 
Uravnenii Vozmushchennogo Dviszheniia. G. 
K. Pozharitskii. Prikl. Mat. i Mekh., Mar.- 
Apr., 1958, pp. 145-154. In Russian. Deriva- 
tion of the equations of turbulent motion and ap- 
plication of their integrals to the derivation of 
Liapunov’s function. 

Evaluation of Integrals Involving Combina- 
tions of Bessel Functions and Circular Functions. 
Leendert de Witte and K. P. Fournier. Assoc. 
Comp. Mach. J., Apr., 1958, pp. 119-126. 


IV—Some Properties of the Wigner Distribu- 
tion Function in Quantum Statistics. S. R. Grott. 
Leiden U. Rep. (AFOSRTN 58-231) [A D 154132], 
Tan.,1958. 10pp. 10refs. Derivation of the Liou- 
ville equation for the Wigner distribution function 
and of the equation for the time derivative of the 
average of an arbitrary dynamic variable for a sys- 
tem described by an arbitrary Hamiltonian. 


Generalizations of Minkowski’s Inequality 
with Applications to the Theory of Mean Approxi- 
mation by Integral Functions. Chen Kien- 
Kwong. Sci. Rec., Mar., 1958, pp. 81-85. 


Finding Zeros of Arbitrary Functions. W. L. 
Frank. Assoc. Comp. Mach. J., Apr., 1958, pp. 
154-160. Application of a method for finding 
real and complex roots of polynomial equations to 
finding roots of general equations of the form F(:) 
= O, where F(z) is analytic in the neighborhood of 
the roots. A general purpose program, prepared 
for the Univac Scientific 1103 and 1103A, is de- 
scribed. 


Application of the Method of Separation Into 
Factors to the Differential Equation of a Certain 
Plate. Tadeusz Iwiriski. Arch. Mech. Stoso- 
wanej, No. 1, 1958, pp. 35-56. Outline of the 
theory of linear differential equations using the 
separation method. An analysis of linear equa- 
tions separable by elementary methods is made, 
and the role of the Riccati equation in the linear 
theory is discussed. 


Obobshchennye Resheniia Kvazilineinogo Dif- 
ferentsial’nogo Uravneniia v Banakhovom Pro- 
stranstve. Ch. Foiash, G. Gussi, and V. Poenaru. 
AN SSSR Dokl., Apr. 11, 1958, pp. 884-887. 
10 refs. In Russian. Derivation of a general- 
ized solution for the quasilinear differential equa- 
tion in the Banach space. 


O Lineinykh Differentsial’nykh Uravneniiakh s 
Malym Parametrom pri Starshikh Proizvodnykh. 
V. Solonnikov. AN SSSR Dokl., Mar. 21, 1958, 
pp. 454-457. In Russian. Evaluation of linear 
differential equations with a small parameter m 
the highest derivative term. 
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hushing the jet roar 


halting the jet speed 


To reduce the jet sound to an acceptable level, 
and reduce the jet landing speed 

within an acceptable distance, the Boeing 707 
is equipped with this 


ROHR-BUILT 
SOUND SUPPRESSOR- 
THRUST REVERSER 


Built by Rohr to Boeing design and specifications, 
this precision unit is an important 

addition to the jet power pods and other 

major aircraft components being built 

by Rohr for America’s fleets of jet airliners. 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF. 
AIRCRAFT CORPORATION PLANT: RIVERSIDE. CALIF. | ASSEMBLY PLANTS: WINDER. GA.: AUBURN. WASH. 
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Issledovanie Ustoichivosti Resheniia Lineinogo 
Differentsial’nogo Uravneniia Vtorogo Poriadka 
s Periodicheskimi Koeffitsientami. A. P. Pro- 


skuriakov. Prikl. Mat. i Mekh., Mar-Apr., 1958, 
pp. 250-253. In Russian. Study of the stability 
for second-order, linear, differential 


equations with periodic coefficients. 


Ob Asimptotike Reshenii Zadach s Bystro 
Ostsilliruiushchimi Granichnymi Usloviiami dlia 
Uravaenii s Chastnymi Proizvodnymi. M. |. 
Vishik and L. A. Liusternik. AN SSSR Dokl., 
Apr. 1, 1958, pp. 636-639. In Russian. Evalua 
tion of the asymptotic solution for problems in- 
volving rapidly oscillating boundary conditions 
for partie! differential equations. 


Asimptotika Resheniia Differentsial’nogo Urav- 
neniia Parabolicheskogo Tipa s Malym Para- 
metrom. E. K. Isakova. AN SSSR _ Doki., 
Apr. 21, 1958, pp. 1,077-1,080. In Russian 
Determination of the asymptote of the solution 
to a differential equation of the parabolic type in- 
volving a small parameter. 


Zadacha Koshi dlia Obshchikh Sistem Li- 
neinykh Uravneniis Proizvodnymi. S. 
A. Gal’pern. AN SSSR Dokl., Apr. 1, 1958, pp 
640-643. In salle ery Analysis of the Cauchy 
problem for general systems of linear partial dif- 
ferential equations. 


O Nailuchshikh Priblizheniiakh Differentsiru- 
emykh i Analiticheskikh Funktsii. A.G. Vitush- 
kin. AN SSSR Dokl., Mar. 21, 1958, pp. 418 
420. In Russian. Evaluation of the closest ap 
proximations of differentiable and analytical 
functions. 


Teoremy o Polnote Sistemy Sobstvennykh i 
Prisoedinennykh Elementov Operatorov s Disk- 
retnym Spektrom. V. B. Lidskii. AN SSSR 
Dokl., Apr. 21, 1958, pp. 1,088-1,091. In Rus- 
sian. Evaluation of theorems on the complete- 
ness of a system of characteristic and adjoined 
elements of operators having a discrete spectrum. 


O Golomorfnykh Operator-Funktsiiakh. A. S. 
Markus. AN SSSR Dokl., Apr. 21, 1958, pp. 
1,099-1,102. In Russian. Derivation of holo- 
morphous operator functions and application of 
the developed process to various illustrative cases. 


O Vpolne Nepreryvnosti Sopriazhennogo Ope- 
ratora. D. A. Raikov. AN SSSR Doki., Mar. 
21, 1958, pp. 446-449. In Russian. Deter- 
mination of the complete continuity of an adjoined 
operator. 


Ob Odnoi Formule uaa Proizvol’noi 
Funktsii. M. L. Rasulov. AN SSSR _ Dokl., 

Mar. 21, 1958, pp. 450-453. In Russian. Deri- 
vation of a new formula for the expansion of an 
arbitrary vector function related to the boundary 
problem with complex parameter for a system of 
linear differential equations with partially 
smooth functions. 


Ob Otritsatel’noi Chasti Spektra Odnomer- 
nykh i Mnogomernykh Differentsial’nykh Opera- 
— nad Vektor- Funktsiiami. I. M. Glazman. 

Y SSSR Dokl., Mar. 21, 1958, pp. 421-424. 
a Russian. Generalization of theorems on the 
negative part of the spectrum of one-dimensional 
and multidimensional differential operators over 
vector functions. 


Modal Systems with a Finite Number of Modal- 
ities. Moh Shaw-kwei. Scientia Sinica, Apr., 
1958, pp. 388-412. 


Ob Odnoi Granichnoi Zadache Teorii Funktsii. 
B. V. Boiarskii. AN SSSR Dokl., Mar. 11, 1958, 
pp. 199-202. In Russian. Evaluation of a 
boundary problem in the theory of functions. 


Mechanics 


Motion of a Particle on an Ellipsoid of Revolu- 
tion. Vaclav Voditka. Arch. Mech. Stosowanej, 
No. 1, 1958, pp. 107-114. Analysis of the condi- 
tions ‘under which a particle makes a complete 
strip around the surface of the ellipsoid. 

Integration of the Equations of Motion of a 
Particle on an Ellipsoidal Surface. Vaclav Vo- 
ditka. Arch. Mech. Stosowanej, No. 2, 1958, 
pp. 141-146. 


Static Friction in Dynamic Systems. C. F. 


Branson. J. Aero/Space Sci., Oct., 1958, pp. 
654-658. 

Generalized Hamiltonian Dynamics. P. A. 
M. Dirac. Royal Soc. (London) Proc., Ser. A, 


Aug. 19, 1958, pp. 326-332. Presentation of a 
simplified procedure for passing from the Lagran- 
gian form of the equations of motion to the Hamil- 
tonian when the momenta are not independent 
functions of the velocities. 


O Kruchenii Tsilindricheskikh Valov s Krugo- 
vymi Vytochkami. A. A. Skorobagat’ko. AN 
SSSR Dokl., Apr. 11, 1958, pp. 896-898. In Rus- 
sian. Derivation of a solution to the problem of 
torsion of cylindrical shafts with circular notches. 


Tensor Analysis of Finite Rotations. II—The 
Motion of a Wing of Variable Sweep on a Hinge 
Fixed in the Aircraft. E.H. Bateman. Aircraft 
Eng., June, 1958, pp. 167-169. 


Ustoichivost’ po Pervomu Priblizheniiu Sistem 
s Zapazdyvaniem. B. S. Razumikhin. Prikl. 
Mat. i Mekh., Mar.-Apr., 1958, pp. 155-166. In 
Russian. Analysis of theoretical results on the 
stability of systems with lag. 
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Meteorology 


Particle Size Distribution in Rain and Snow 


Inferred from Z-R Relations. Raymond Wexler. 
Harvard U. BHMO MRS7 (AFCRC TN 57-621) 
{AD 146765}, Dec. 2,1957. Spp. 12 refs. 

Vertical Structure of Continuous Streamer- 
Form Precipitation. Raymond Wexler and 
David Atlas. Harvard U. BHMO MRS 10 
(AFCRC TN 58-401) [AD 152551], Mar. 28, 
1958. 38pp. 18 refs. 

IV—Volnovye Potoki. V. Porchevskii. Kryl’ia 
Rodiny, May, 1958, pp. 22-24. In Russian. 
Study of the formation of stationary atmospheric 
waves. 


A System for Recording Eight Meteorological 
Elements Simultaneously on Moving ‘ilm 
(Weatherlog). G. K. Thompson. Harvard U. 
BHMO MRS 8 (AFCRC TN 58-227) [AD 152- 
461), Mar. 10, 1958. 60 pp. 


Study of Synoptic-Dynamic Influences on the 

Nature of Cloud and Precipitation Echoes October 
953—February 1958. . J. Boucher, P. H. 

Putnins, J. P. Webber, Raymond Wexler, J. H. 
Conover, David Atlas, G. K. Thompson, and Ch. 
R. Shackford. Harvard U. BHMO MRS FR 
(AFCRC TR 58-244) [AD 452502], Mar. 28, 
1958. 36pp. l5refs. Presentation of abstracts 
for nine reports of USAF-sponsored meteorologi- 
cal radar studies. 

Forecasting Precipitation Occurrence from 
Prognostic Charts of Vertical Velocity. J. M. 
Sassman and R. A. Allen. Mo. Weather Rev., 
Mar., 1958, pp. 95-99. 


Meteorological Utilization of Images of the 
Earth’s Surface Transmitted from a Satellite 
Vehicle. A.H.Glaser. Harvard U. BHMO Rep. 
(AFCRC TR 57-241) [AD 146764], Oct. 31, 
1957. 145 pp. 35 refs. 


Atmospheric Structure & Physics 


Thunderstorm Gusts Guepeeed with Computed 
Downdraft Speeds. D.S. Foster. Mo. Weather 
Rev., Mar., 1958, pp. 91-94. Integration of the 
buoyancy equation to find the downward speed of 
air that becomes cooler than its environment and 
sinks to the ground, such as a downdraft in a 
thunderstorm. 

The Effects of Radiative Transfer on Turbulent 
Flow of a Stratified Fluid. A.A. Townsend. J. 
Fluid Mech., Aug., 1958, pp. 361-375. Deriva- 
tion of an expression for the rate of destruction of 
the mean square of the temperature fluctuation 
by radiative transfer of heat. 


Upper Air Research 


Travelling Ionospheric Disturbances in the F 
Region. G. H. Munro. Australian J. Phys., 
Mar., 1958, pp. 91-112. Analysis of observation 
made on the horizontal movement of traveling 
ionospheric disturbances recorded from 1948-— 
1957. Seasonal and diurnal variations are de- 
termined, as are the direction and speed of travel. 


A lies in I de Records due to Travel- 
ling Ionospheric Disturbances. L. H. Heisler. 
Australian J. Phys., Mar., 1958, pp. 79-90. Study 
of anomalies which appear on ionosonde records of 
the F region during the passage of travelling dis- 
turbances. The anomalies are classified into 
different types, and the diurnal and seasonal dis- 
tribution of their occurrence is discussed. 


Missiles, Rockets 


Guided Weapons Data Sheets. D. Howe. 
The Aeroplane, May 23, 1958, pp. 723, 724. Pres- 
entation of tables showing the performance and 
general characteristics of different missiles. 


Vanguard Details Revealed. J. P. Kushnerick. 
Aircrafi & Missiles Mfg., June, 1958, pp. 7-14. 
Description of the rocket engines and airframes 
for the three stages of the Vanguard. The 
method and materials of construction for the air- 
frames, and testing methods for the stage align- 
ment are also discussed. 

Seeking a New Ceiling. R.C. Abel. Aero- 
nautics, July, 1958, pp. 22-24. Discussion of a 
vehicle designed to exceed the speed of ballistic 
missiles and capable of circling the earth. 


Atlas Calls for New Shock Techniques. Mis- 
siles & Rockets, June, 1958, pp. 140, 143. Dis- 
cussion of the specifications ‘of mounting systems 
for missile testing operations. The final design 
of the canister-type mounting system is described. 


Simplified Graphical Construction of the Wind- 
Produced Impact-Point Shift of a Rocket Sonde. 
H. O. F. Scharn. USAF MDC TN 58-7 [AD 
135015], May, 1958. 12 pp. 


The Long-Range Glide Rocket. T. R. F. 
Nonweiler. Aeronautics, May, 1958, pp. 36-38. 
Discussion on the possibilities of extending the 
range of rocket vehicles by designing them to fly 
in a controlled glide, and method of putting this 
extension of range into use. 

Redstone; The Largest Missile in Service. 
Flight, May 23, 1958, pp. 705-708, cutaway draw- 
ing. Design characteristics and description of the 
firing operation of the Army missile. 

Application of Statistical Theory to Beam-Rider 
Guidance in the Presence of Noise. II—Modi- 
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fied Wiener Filter Theory. Appendix A—-De- 
termination of the Optimum Modified Wiener 
Filter. Appendix B—Missile-Control-System 
Approximation to the sp Transfer Func- 
tion. E. C. Stewart. U.S., NACA TN 4278, 
June, 1958. 48 pp. Application of Newton’s 
modification of the Wiener filter theory to opti- 
mize a beam-rider guidance system operating in 
the presence of glint noise. The system transfer 
functions and error performance versus noise 
magnitude are given. Requirements on contro} 
deflection rates, circuit voltages, and servoenergy 
are discussed. 


Automatic Calibrator Speeds Missiles. D. k, 
Perry. Missiles & Rockets, June, 1958, pp. 144, 
147, 148,151. Dev elopment ofa calibrator elim. 
inating several shortcomings of existing missile 
calibration techniques. A physical description 
is made, and the operation of the system is dis. 
cussed, 


AF Missile Test Center—Cape Canaveral, Fla, 
Electronic Ind., May, 1958, pp. 92, 94, 119 * 
scription of the Cape Canaveral missile fi cen- 
ter and of a typical missile launching procedure, 


Navigation 


Traffic Control 


A 3cm. Airport Control Radar System. F. W. 
Marconi Rev., 1st Quarter, 1958, pp. 


Nuclear Energy 


O Fokusirovke Puchkov Zariazhennykh Chas- 
tits Vysokochastotnymi Poliami. M. A. Miller. 
AN SSSR Doki., Mar. 21, 1958, pp. 478-480. 
In Russian. Discussion cov ering the focusing of 
charged-particle beams by high-frequency fields, 


Vychislenie Iadernogo Magnitnogo 
Ekranirovaniia. V. Aleksandrov. AN SSSR 
Dokl., Apr. 1, 1958 pp. 671-674. In Russian. 
Evaluation of methods for the calculation of the 
constant of nuclear magnetic shielding. 


Nuclear Power for Aircraft. R. C. Abel. 
Aeronautics, June, 1958, pp. 38-40. Description 
of a device for hydrogen-fusion to provide power 
for hypersonic flight. 


Atmosfernaia Korroziia Metallov pod Vozdeis- 
tviem Izlucheniia. A. V. Bialobzheskii. AN 
SSSR Dokl., Mar. 21, 1958, pp. 515-517. In 
Russian. Description and results of experiments 
on the atmospheric corrosion of metals subjected 
to radiation. 


Photography 


Tests on Two Australian Extra-Wide-Angle 
Lenses. M. Marchant. Gi. Brit., RAE TN 
T. D. 31, Mar., 1958. 23 pp. 


A Graticule Illumination System for Extra 
Wide Angle Lenses. D.C. Kerridge. Gt. Brit, 
RAE TN T. D. 27, Mar., 1958. 8 pp. 


Cameras Need Stable Mounting. R. G. Sand- 
ers. Missiles & Rockets, June, 1958, pp. 114, 117, 
118, 120. Discussion of the use of a stabilization 
system for high resolution reconnaissance photog- 
raphy achievement. The various stabilization 
factors are described. 


A Soeteapegh Attachment for High Speed 
Cameras. D. Thackeray. J. Sci. Instr., 
July, 1958, pp. big. 252. 13 refs. 


Physics 


A New Function in the Theory of Fluids and an 
Equation of State for Liquids and Gases. A. G. 
McLellan. Philos. Mag., 8th Ser., July, 1958, pp. 
707-714. 11 refs. Description of a hole theory 
of fluids in which the potential of a molecule ina 
cell is not assumed to be spherically symmetric 
about the cell center. 


Vzaimodeistviia Dvukh Tel,  ‘‘Izluchaiu- 
shchikh’’ PotokiGaza. K.P.Staniukovich. AN 
SSSR Dokl., Apr. 1, 1958, pp. 686-689. In Rus- 
sian. Discussion covering the interaction be- 
tween two bodies “‘radiating’’ gas flows. 


Nekotorye Statsionarnye Reliativistskie Teche- 
niia. K. P. Staniukovich. AN SSSR _ Dokl. 
Mar. 11, 1958, pp. 251-254. In Russian. Study 
of some stationary relativistic flows. 


Propagation of Ordinary Sound in Liquid He- 
lium Near the \ Point. C. E. Chase. Phys. 
Fluids, May-June, 1958, pp. 193-200. 15 refs. 
USAF-Army-Navy- sponsored measurements of 
the velocity and attenuation of ordinary sound in 
liquid helium at a frequency of 1 mce./sec. in the 
neighborhood of the \ point. 


Tsiklotronnyi Resonans v Plenkakh. 
Kaner. AN SSSR Dokl., Mar. 21, 1958, pp. Ene 
474. 10refs. In Russian. Investigation of the 
cyclotron resonance in thin metal films. T 
problem is reduced to that of a convex centrally 
symmetrical Fermi surface. 


Primenenie Variatsionnogo Printsipa v Teorii 
Sverkhprovodimosti. I. A. Kvasnikov. AN 
SSSR Dokl., Apr. 1, 1958, pp. 675-677. In Rus- 
sian. Application of the variational principle to 
the theory on superconductivity. 
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De- Primenenie Variatsionnogo Printsipa v oo stant of a system of polarizable dipoles in tertas of gess. Australian J. Phys., Mar., 1958, pp. 35- 
ener Metode Teorii Sverkhprovodimosti. I. A. Kvas- averages over molecular quantities. 40. 
item nikov. I As SSSR Dokl., Mar. 21, 1958, pp. “a5 Exact Determination of a Phenomenological Interaction of the Solar Wind with the Geo- a 
unc- 477. i. ane. Application of the variational Separable Interaction. M.Gourdin and A. Mar- magnetic Field. E. N. Parker. Phys. Fluids, ; 
278, principle to the new method in the theory of super- tin. Ecole Normale Supérieure, Lab. Phys. TN 9 May-June, 1958, pp. 171-187. 29 refs. USAF- ; 
on’s conductivity. (AFOSR TN 58-214) [AD 154115], 1958. 11 supported investigation of the dynamic properties 
»pti- O Viiianii Nesovershenstv Poverkhnosti na pp. Presentation of Muskhelishvili’s method, of the solar wind blowing past the geomagnetic 
g in  aligaae a2 Releevskikh Voln. I. A. Vik- applied by Omnés to the problem of one-meson field by considering the effective viscosity and the 
isfer torov. AN SSSR Dokl., Mar. 21, 1958, pp. 463- production by mesons, which is used to solve the resulting transition layer thickness. The injec- 
Oise 465. In Russian. Experimental investigation of integral equation determining a phenomenologi- tion of gas into the geomagnetic field is studied, 
trol the effect of surface imperfections on the propaga- cal separable interaction from the energy depend- and the effect at Earth of the distortion of the 
ergy tion of Rayleigh waves. ence of an experimental phase shift in a collision outer geomagnetic field boundary is computed. 
Formirovanie Struktury Plazmy pri Razvitii problem. 
. B. Razriada. A. A. Zaitsev and V. E. Mitsuk. AN tae Ret; New Uses for an Old Technique. Power Plants 
144, SSSR Doki., Mar. 21, 1958, pp. 469, 470. In R.S. E gm Missiles & Rockets, June, 1958, pp. 
lim- Russian. Study of the formation of plasma 107, 109, Electro-Magnetic Reaction—Can It Be Utilized 
= structure upon the development of an electric K at o Prirode Nepreryvnoi Emissii. as a Means for Propulsion in Space? P. 3. Egan. 
din discharge. ras . i L. V. Mirzoian. AN SSSR Dokl., Apr. 1, 1958, Aircraft & Missiles Mfg., June, 1958, p. 53 
= The Townsend Ionization Coefficients in pp. 667-670. In Russian. Survey of previous Upper Atmosphere Atomic-Oxygen ‘Power = 
Crossed Electric and Magnetic Fields. Appen- investigations on the nature of continuous stellar Plant. S. T. Demetriades. J. Aero/Space Sci., = 
Fla. dix—The Drift Velocity of Electrons in a Trans- emission and evaluation of Béhm’s theory. Oct., #88, pp. 653, 654. Presentation of theore- a 
& verse hae or Field. J. i Blevin and S. C. The Theory of Gravitation in Hamiltonian tical estimates of the recombination kinetics of : 
ie > oa 23 — ys., Mar., 1958, pp. Form. P. A. M. Dirac. Royal Soc. (London) atomic oxygen. The recombination power-plant 
as 18-3 slg Proc., Ser. A, Aug. 19, 1958, pp. 333-343. Ap- studies conducted at the Astronautics Laboratory ; 
Ionizatsiia Bystrykh Neitral’nykh Atomov Ka- plication of a procedure for putting a theory into are summarized. * 
liia pri Stolknovenii s Atomami Argona i Moleku- Hamiltonian form to the case of Einstein’s theory La Influencia de la Presién y Temperatura del ; 
lami Vodoroda, Azota i Kisloroda. Iu. F. Bydin of gravitation. Aire en el Decolaje de Aviones con Varias Clases 
and A. M. Bukhteev. AN SSSR Dokl., Apr. 21, Ob Odnom Variatsionnom Printsipe v Zadache de Propulsién. Rodolfo Schmidt. Inst. Aero., : 
1958, pp. 1,131-1,133. In Russian. Discussion p “i C Inf S 1956. 19 I 
the f fast tral potassi Mnogikh Tel. N. N. Bogoliubov. AN SSSR ommun. inform.  er., : pp. in 
Ww Dokl., Mar. 11, 1958, pp. 244-246. In Russian Spanish. Derivation of formulas for the calcula- : 
atoms upon collisions with argon atoms and with ter ff. d 
Pp : Analysis of a variational principle in the multi- tion of the effect of ambient pressure and tem <i 
p. molecules of hydrogen, nitrogen, and oxygen. bod bl perature variations on the static thrust of piston i 
The applicability of obtained results to the study ge ‘ as al engines with and without mp. and r.p.m. regula- 5 
of ionization produced by the motion of meteors _ Ona Feature of Galactic Radio Emission. Har- tors, jet engines with and without afterburner ‘ 
through the upper layers of the atmosphere is tiet Tunmer. Philos. Mag., 8th Ser., Apr., 1958, and turboprop engines. : . 
emphasized. pp. 19 = | Combention end Plata teem 
hes- Diffuse Transmission Through Real Atmos- a bright belt approximately normal to the -«persatAGARD Meeting. I, 11, TI. Flight, May 
ler. gheres. R. 5 oy «ts C. Johnson. OSA galactic plane and passing through the anticenter. 23; 30; June 6, 1958, pp. 700-702; 733, 734; : 
490. 7. July, 1958, pp. <03-468 rs refs. USAF- An explanation is suggested in terms of the highly 779, 780. Presentation of abstracts from papers ; 
supported |m t anisotropic radiation from relativistic electrons presented at the NATO AGARD 8rd Colloquium 
moving in the magnetic field of the local spiral arm. held in Palermo, Sicily. 
statai Further Observations of Radio Emission from 
Anomall! Moshchnost’ Zem- Dienst and Jot & Turbine 
Ge Andreev. AN SSSR Dokl., Mar. 11, 1958, pp. Shain. Australian J. Phys., Mar., 1958, pp. 55- Effect of Prior Air Force Overtemperature 
255, 256. 13 refs. In Russian. Discussion of 69. Operation on Life of J47 Buckets Evaluated in a 
gravitional anomalies and earth crust thickness in Ob Edinoi Interpretatsii Razlichnykh ed Sea-Level Cyclic Engine Test. R. A. Signorelli, 
nee continental regions. Pul’satsionnoi ,Zyexdnoi Peremennosti. A. J. R. Johnston, and F. B. Garrett. U.S., NACA 
II—On the Molecular Theory of Dielectric Apr. 1938, PP. TN 4263, Apr., 1958. 41 pp. 10refs. 
Polarization. M.Mandeland P. Mazur. Leiden i Evaluation K Raschety na Tsentrobezh- 
U. Rep. (AFOSR TN 58-230) [AD 154133], Jan., nogo Kompressore. D. I. Morozov. Teplo- 
leis- 1958. 20 pp. 18 refs. Presentation of a gen- pulsating stellar variability. energetika, May, 1958, pp. 80-82. In Russian. 
AN eral, statistical, mechanical formalism which High Resolution Cinematography of the Solar Tentative development of an exact method for 
In yields a closed expression for the dielectric con- Photosphere. R. E. Loughhead and V. R. Bur- the calculation of centrifugal compressor discs. 
ents 
cted 
xtra 
rit, SIE Power Supply 
and- 
to meet 
tog- 
any application 
De 
istr., 
New circuit developments now enable SIE to offer 
es transistorized power supplies to cover all possible appli- 
. G. cations: DC to BDC, DC to AC and AC to DC; regulated 
A. and unregulated, high and low voltage and current ratings, 
be 4 for laboratory, industrial and military installations. 
Especially significant is SIE’s new circuit which per- 
m7 mits operation from DC input voltages above 30 volts 
Rus- without requiring special transistors. 
be- TPC-2 Specitications In the 60 watt TPC-2, an ingenious case design 
ae input Volt 42 iede'ninial permits it to be used in free air without a heat sink, or » 
VONAGE: attached to a heat sink in a confined space. 
Input Current: 6.2 a full load, 0.8 a no load 
wid Maximum Rated Output: 400 ma @ 150 vdc or 200 ma @ Check these specifications. They will 
»hys. 300 vdc suggest many new applications for S | 
of Efficiency: Better than 80% at full load these latest SIE contributions to Elec- 
r = Load Regulation: Less = 15%, No Load to tronic Instrumentation for Industrial 
Full Load Progress. 
Less than 8%, One-Half Load to 
71. Full Load 
f the Ambient Temperature: —40° F.to + 150° F 
The SOUTHWESTERN INDUSTRIAL 
rally Ripple: 0.5% full load, RMS basis 
Dimensions: Hx 32%," Lx 2%" W ELECTRONICS COMPANY 
ty Weight: 1% lbs. 2831 POST OAK ROAD = P 0 BOX 13058 © HOUSTON, TEXAS 
<_ Price: $125.00 (F.0.B. Houston, Texas) 
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Ducted Fans from 


Transatlantic Turbofans; 
General and Pratt and Whitney. Flight, 
June 6, 1958, p. 766. Descriptions of turbofan 
versions of the Cy. 805 and JT-3 jet engines. 

Summary of Scale-Model Thrust-Reverser In- 
vestigation. J. H. Povolny, F. W. Steffen, and 
J. G. McArdle. U.S., NACA Rep. 1314, 1957. 
14 pp. Supt. of Doc., Wash., $0.20. Test re- 
sults from three types of thrust reversers: target, 
tailpipe cascade, and ring cascade. 


Ram-Jet & Pulse-Jet 


A Simplified Method for Per- 
formance of Supersonic Ram-Jets. A. P 

Beeton. Aero. Quart., Aug., 1958, pp. ios. 212 
Presentation of curves which, with a knowledge 
of the intake performance, enable ram-jet thrust 
coefficients and specific consumption figures to be 
obtained rapidly for a range of Mach Numbers 
from to 3 


Reciprocating 

Aero-Engine Exhaust Valve Development. [| 
E. Morgan. [ME Proc. Auto. Div., No. 5, 1955 
56, pp. 138-146. Discussion of the development 
in heat transfer, maintenance of gas seal, and cor- 
rosion resistance in order to improve valve life. 

Water Injection in the Normally ore 
Piston Engine. E. M. Goodger. Coll. of Aero- 
nautics, Cranfield, Note No. 78, Mar., 1957. 28 Pp. 
Description of a commercial type of water injec- 
tion unit. The distribution of water to individual 
cylinders of a multicylinder engine is estimated 
and the effect of water upon engine components 
examined. 


Rocket 


Considerazioni sull’Influenza della Forma della 
Camera di Combustione negli Endoreattori. 
Lorenzo Poggi. L’Aerotecnica, Apr., 1958, pp. 
109, 1 In Italian. Analysis of the effect of 
shape of rocket combustion chambers. 

Reliability Achievement and Demonstration in 
a Development Program. H.R. Lawrence and 


W. H. Amster. (JAS Natl. Midwest. Meeting, 
St. Louis, May 12-14, 1958.) Aero/Space En- 
erg., Oct., 1958, pp. 65-69. Outline of a reli- 


ability program and statistical analysis for use 
when specified reliability must be achieved as 
rapidly as possible. This is attained by special 
use of data from development tests to avoid rou- 
tine repetitive testing solely for reliability dem- 
onstration. 

Reliability—Keynote of Redstone Engine. 
Robert McLarren. Aircraft & Missile Mfeg., 
June, 1958, pp. 32-36. Developmental history 
and the test program of the Rocketdyne engine 
Descriptions are given of the thrust chamber, 
turbine pump, and injector system. 


Production 


Missile Fixtures. Aircraft & Missiles Mfe., 
May, 1958, pp. 10-12. Description of trimming 
and welding fixtures for repetitive accuracy in the 
construction of the Jupiter missile. 

In the Sea Vixen’s Lair. de Havilland Gazette, 
Apr., 1958, pp. 62-64. Discussion on the struc- 
ture and some of the manufacturing methods of 
the Sea Vixen. 


Metalworking 


Braided Casting-Cores. Aircraft & Missiles 
Mfg., June, 1958, pp. 37, 38. Discussion of re- 
movable metal cores covered with stainless-steel 
tubular braid which allows curving cores to be 
fitted to irregular contours in magnesium castings. 

Forming Integral Panels. R. D. Edwards. 
Aircraft Prod., July, 1958, pp. 255-263. Discus- 
sion of the reasons for machining the Vickers 
Vanguard integral wing panels in the flat and sub- 
sequently forming them to curvature. A de- 
scription is given for an adjustable-die press for 
forming chordwise rib-lands. 

Cold Extrusion of Titanium. A. M. Sabroff, 
R. A. Sannicandro, and P. D. Frost. (ASTE 26th 
Annual Meeting, Philadelphia, May 1-8, 1958.) 
Tool Engr., July, 1958, pp. 84-90 Description of 
experimental procedures for cold extrusion of 
titanium. Punch and die designs, equipment, 
lubricants, and test results are covered. 


Rocket Casings Deep Drawn. Robert Mc- 
arren. Aircraft& Missiles Mfg., May, 1958, pp. 
18-21. Discussion on the production of large 
solid-propellant engine casings of steel and alu- 
——_ The Hawk motor tube is described in 
etail. 


Designing with Heat Treated Steels. J. L. 
Everhart. Materials in Des. Eng., June, 1958, pp. 
121-136. 12refs. Discussion of heat treatments 
and properties, and the selection of steel and its 
design. 


Descaling Titanium; Electrolytic Method of 
Removing Oxides After Heat-Treatment. Air- 
craft Prod., June, 1958, p. 237. 

High Velocity Machining with Ceramic Tools. 
W. B. Kennedy. (ASTE 26th Annual Meeting, 
Philadelphia, May 1-8, 1958.) Tool Engr., July, 
1958, pp. 73-75. 
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Flutter-Cutter; Template-Controlled Tool for 
Machining Continuously Variable Angles. Air- 
craft Prod., July, 1958, pp. 250, 251. 

Machining Aerofoils. H. J. Pearson. 
Prod., June, 1958, pp. 215-229. 


Barrelling; Preshaped Synthetic and Metal 
Chips. Aircraft Prod., June, 1958, pp. 210-214. 


Electronic-Copying; Application of Analogue 
Computing Equipment for Tracer-Controlled 
Profiling. Aircraft Prod., June, 1958, pp. 238- 
243. 


Aircraft 


Improved Reaming Tool; Adaptation of Gun- 
Drill Combines Reaming and Polishing Opera- 
tions. R. A. Cole. Autrcraft & Missiles MJg., 
May, 1958, pp. 29, 30. 


Contour-Etching. Aircraft Prod., July, 1958, 
pp. 264-269. Methods used by de Havilland 
Aircraft for the production of aluminum alloy 
integral-skin panels. 


Precision Serrating. Aircraft Prod., June, 
1958, pp. 230-235. Description of a semiauto- 
matic machine for high-accuracy indexing to pro- 
duce internal serrations on a crankshaft. 


Short-Run Profiling. W. R. Petts. Aircraft 
Prod., July, 1958, pp. 283-288. Discussion of 
simple tooling and equipment for prototype work 
on Hydro-Tel machines. 


Turbine Blades Produced Automatically. W. 
M. Willis. Aircraft & Missiles Mfg., June, 1958, 
pp. 25, 26. Description of a continuous-process 
machine which converts roll stock into finished 
blades at high rate. 


Chemical Milling. L. B. Stearns and J. P. 
Kushnerick. Aircraft & Missiles Mjg., May, 
1958, pp. 40-45. Description of the chemical 
milling process. Its advantages and areas of ap- 
plication are discussed; some disadvantages are 
given. 


A Study of Factors Affecting the Strength and 
Ductility of Weld Metal. C. M. Wayman and 
R. D. Stout. (AWS Annual Spring Meeting, 
St. Louis, Apr. 14-18, 1958.) Welding J. Res. 
Suppl., May, 1958, pp. 193-s-200-s. 65 refs. 


Welded Structural Connections in Aluminium 
Alloys. D. H. Wade. ADA Reprint Ser. R. P. 
68,1957. Spp. Presentation of two theoretical 
solutions for the stress distribution in the side 
fillet welds connecting cover plates. 


Ageing Characteristics of ‘‘As-Deposited’’ Alu- 
minium Alloy Weld Metal, with Particular Refer- 
ence to Al-Cu-Si and Al-Zn-Mg Alloys. P. T. 
Houldcroft and F. Fidgeon. Brit. Welding J., 
July, 1958, pp. 319-326. 


High-Temperature Vacuum Brazing of Jet- 
Engine Materials. E.G. Huschke, Jr.,.andG.S 


Hoppin III. (AWS Annual Spring Meeting, St. 
Louts, Apr. 14-18, 1958.) Welding J. Res. 
Suppl., May, 1958, pp. 233-s-240-s.  Investiga- 


tion which covers maximum pressure requirements 
for brazing various alloys, gas evolution of ma- 
terials in vacuum, strength of vacuum-brazed 
versus hydrogen-brazed joints, and alternate 
methods for vacuum brazing of super alloys that 
form oxide films in hydrogen. 


Fusion Welding of Titanium in 
Applications. Appendix—Resistance 
Titanium. H.W. Hoefer. (AWS Annual Spring 
Meeting, St. Louis, Apr. 14-18, 1958.) Welding 
J., May, 1958, pp. 467-477. Discussion of inert- 
gas-shielded tungsten-arc welding techniques, 
equipment, and weld properties. 


Cracking Associated ened Porosity in Titanium 
Welds Over 0.125 in. Thi R. P. Olsen and J. 
Gates. (AWS Annual ‘Sorine Meeting, St. Louts, 
Apr. 14-18, 1958.) Welding J., May, 1958, pp. 
178-483. Investigation indicating that cracking 
is caused by the rigidity of the sheets being welded 
and by microembrittlement not distinguishable by 
normal physical or chemical testing methods. 


et-Engine 
elding of 


Production Engineering 


Acceptance Sampling of Lots by the Median, 
Quasi-Range Method. IJnd. Quality Control, 
July, 1958, pp. 8-11. 


A Missiles Seriousness and Complexity; Ven- 
dor Rating System. Appendix A—Summary of 
the Poisson Distribution Characteristics. Ap- 
pendix B—Summary of the Binomial Distribution 
Characteristics. S. J. Wilson. Jnd. Quality 
Control, June, 1958, pp. 15-20. 


Optimum Lot Sizes for Parts Used in Aircraft 


Production. J. C. Chambers, . Bond, and 
J. H. Leake. (Oper. Res. Soc. Am., 12th Nail. 
Meeting, Pittsburgh, Nov. 15, 1957.) Oper. Res., 


May-June, 1958, pp. 385-398. Development of a 
method for evaluating and including obsolescence 
costs in an inventory model. Only regular de- 
tailed parts are considered. 


Constructing Maximal Dynamic Flows from 
Static Flows. L.R. Ford, Jr., and D. R. Fulker- 
son. Oper. Res., May-June, 1958, pp. 419-433. 
Analysis of the maximal dynamic flow and inter- 
pretation of the problem as a static problem in an 
expanded network. An algorithm for solving the 
problem and some preliminary theorems are given. 
A proof, showing that a dynamic flow obtained 
from the algorithm is maximum, is presented. A 
numerical example illustrating the computation is 
given. 


Tooling 


Tooling in Plastics. Aircraft Prod., June, 
1958, pp. 244-247. Discussion of moulding tech. 
niques and the use of a syntactic foam for sand- 
wich construction. Applications are made for 
vacuum chucks. 

Ceramic Tooling. Aircraft Prod., July, 1958, 
pp. 274-282. Applications of sintered-oxide tools 
for heavy-duty metal removal. 


Controlling Tool Life. L.V. Colwell. (ASTE 
26th Annual Meeting, Philadelphia, May 1-8, 
1958.) Tool Engr., July, 1958, pp. 65-69. 
Determination of the various factors affecting too] 
life, and presentation of a simple formula for de. 
termining optimum life. 


Propellers 


Flight Measurements of the Vibratory Bending 
and Torsional Stresses on a Modified Supersonic 
Propeller for Forward Mach Numbers Up to 0.95, 
T. C. O'Bryan. U.S., NACA TN 4342, June, 
1958. 17 pp. 


Research, Research Facilities 


Engineering Research with a Solar Furnace, 
P. E. Glaser and A. D. Little. (ASME Annual 
Meeting, New York, Dec. 1-6, 1957.) Mech. Eng., 
June, 1958, pp. 78-80. 10refs. Application ofa 
solar furnace for measuring properties of matter 
and testing materials at high temperatures under 
laboratory conditions. 


Preliminary Planning for a Hyperveloci 
ballistic Range at AEDC. Appendix—Deriva- 
tion of the Idealized Internal Ballistics Equation. 
E. J. Stollenwerk and R. W. Perry. (NATO 
AGARD Wind Tunnel Panel, Ballistics Meeting, 
Freiburg, Germany, Apr., 1958.) USAF AEDC 
TN 58-25 [AD 157144], June, 1958. 21 pp. 

Méthode Rapide de Préparation des Surfaces 
pour les Examens Métallographiques; Polissage 
Local. P. A. Jacquet. France, 
ONERA NT 40, 1957. 26 pp. 15 refs. In 
French. Development of a rapid method of sur- 
face preparation for metallographic studies. In- 
cludes results on light, ultra-light, and refractory 
alloys used in aviation. 

L’Impianto per le Ricerche sulla Combustione 
Continua dell’Istituto di Macchine del Politecnico 
di Torino. Federico Filippi. L’Aerotecnica, 
Apr., 1958, pp. 88-95. In Italian. Description 
including the design criteria and the operation of 
the research combustor at the Torino Istituto di 
Macchine. 

Determination of Optimum Operating Condi- 
tions by Experimental Methods. I— Mathemat- 
ics and Statistics Fundamental to the Fitting of 
Response Surfaces. R.A. Bradley. Ind. Quality 
Control, July, 1958, pp. 16-20. 

Realization of Events by Logical Nets. I. M. 
Copi, C. C. Elgot, and J. B. Wright. Assoc. 
Comp. Mach. J., Apr., 1958, pp. 181-196. Army- 
Navy-supported formulation and proof of Kleene’s 
analysis and synthesis theorems, 

A Target-Assignment Problem. A. 
Oper. Res., May-June, 1958, pp. 346- SE, 
supported study. 


A High-Speed Computer Technique for the 
Transportation Problem. Appendix—Logical Di- 
agrams for the High-Speed Transportation Rou- 
tine. J. B. Dennis. Assoc. Comp. Mach. J 
Apr., 1958, pp. 132-153. 


. Manne. 
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Flight Testing 


Selecting Flight Test Instrumentation. 
Nelson. (ASME Annual Meeting, New York, 
Dec. 1-6, 1957.) Mech. Eng., July, 1988, pp. 52- 
55. Discussion of the five instrumentation sys- 
tems used for flight performance evaluation. 
These include photographic-recording and me- 
chanical-optical systems. 

Testing the Douglas ‘‘Seven Seas.’’ CEC 
Recordings, Mar.-Apr., 1958, pp. 8, 9. Deserip- 
tion of flight tests performed on the DC-7C. 
Some performance and design characteristics are 
given, 


Rocket Sleds, Tracks 


Measurement of Instantaneous Velocity of 
Track Vehicles. H.T. Schwinge. USAF MDC 
ign. 


C. H. 


TR 58-5 [AD 135013], Mar., 1958. 15 pp. 


Solid Track Lubrication and Slipper Desi 
H. T. Schwinge. USAF MDC TN 58-8 [AD 
154100), May, 1958. 


Wind Tunnels 


Some Results of an Investigation into the Use 
of Air Injection in a Model of the Diffuser for the 
A.R.A. Supersonic Tunnel. E. C. Carter and 
K. F. Tucker. Gt. Brit., ARC CP 386 (Aug, 
1957) 1958. 35pp. BIS, New York, $0.99. 

The Influence of a Model on Plenum Chamber 
Indication of Mach Number in a Slotted Wall 
Wind Tunnel. L. C. Squire and A. Stanbrook. 
Gt. Brit., RAE TN Aero. 2541, Feb., 1958. 14 pp 


26 pp. 


Measurements of the Effects of Wall Outflow 
and Porosity on Wave Attenuation in a Transo! 
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AERO-THERMODYNAMICISTS 
EXPLORE HIGH-SPEED RE-ENTRY 


Advanced weapon system technology has brought to the forefront problem areas 
requiring attention to interaction between aerodynamic and thermodynamic 


phenomena. Typical of these is the problem of high-speed atmospheric re-entry. q 
A report to Engineers Expanding research and development activities have coincided with acceleration 
ae on top priority programs like our Polaris IRBM. At the same time, positions 
and Scientists from for qualified engineers and scientists have opened up that are unequalled in 
Lockheed Missile Systems — responsibility or in opportunities for moving ahead. 


Positions in aero-thermodynamics include such areas as: aerodynamic 
; characteristics of missiles at high Mach numbers; missile and weapon system. 
programs insure more design analysis; boundary layer and heat transfer analyses in hypersonic flow ie 
oe fields; and calculation of transient structural and equipment temperatures = 
resulting from aerodynamic heating and radiation. 


In addition, openings exist at all levels in Gas Dynamics, Structures, Propulsion, 
Test Planning and Analysis, Test Operations, Information Processing, Electronics, By 
and Systems Integration. For these and other positions, qualified engineers 7 
and scientists are invited to write Research and Development Staff, 
Dept. 1111, 962 W. El Camino Real, Sunnyvale, California. 


Lochheed 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, VANDENBERG AFB, CALIFORNIA 
CAPE CANAVERAL, FLORIDA * ALAMOGORDO, NEW MEXICO 


where expanding missile 


MISSILE SYSTEMS DIVISION 


Maurice Tucker, Aero-Thermodynamics Department Manager, right, 
discusses combined aero-thermodynamic re-entry body tests being 
conducted in Division's new “hot-shot” wind tunnel. Others are 

Dr. Jerome L. Fox, Assistant Department Manager, Thermodynamics, left, 
and Robert L. Nelson, Assistant Department Manager, Aerodynamics, 
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Wind Tunnel with Perforated Walls. J. M. 
Spiegel, P. J. Tunnell, and W. S. Wilson. U.S, 

ACA TN 4360, Aug., 1958. 27 pp. 

Convair Blowdown Wind Tunnel Develops 
Transonic and Supersonic Velocities. . = 
Claude and M. F. Gay. Allis-Chalmers Elec. 
Rev., 1st Quart., 1958, pp. 4-9. Description of 
the design and operation of a wind tunnel de- 
veloping air speeds up to 3,800 m.p.h. 

Verringerung des Leistungsbedarfs und konti- 
nuierliche Regelmiglichkeit fiir die Strahige- 
schwindigkeit bei Triebwerks-Windkanilen mit 
Freistrahl-Messtrecke. Egbert Riester. (ZFW, 
May, 1958, pp. 129-142.) DFL Inst. Strahitrieb- 
werke Bericht 88, 1957. 14 pp. 23 refs. In 
German. Analysis of two types of wind tunnel 
designs for reducing the power requirements and 
for controlling the speed of wind tunnels with an 
open test section for jet-engine testing. 

Summary of Methods of Measuring Angle of 
Attack on Aircraft. William Gracey. U.S., 
NACA TN 4351, Aug., 1958. 29 pp. 20 refs, 

Development of the Calorimeter Heat Transfer 
Gage for Use in Shock Tubes. Appendix I— 
One Dimensional Heat Conduction in a Semi- 
Infinite Slab. Appendix II—Heat Transfer 
Through a Parallel Wall Slab. Appendix III— 
Relation Between Temperature and Resistance of 
a Parallel Wall Slab. Appendix IV—Heat Flux 
Into the Backing Material and to the Air During 
the Electrical Calibration. Appendix V—Cor- 
rection for Heat Flux Variation Over the Gage 
Surface at the Stagnation Point of a Hemisphere 
Cylinder. P. H. Rose. Avco Res. Lab. RR 17, 
Feb., 1958. 47 pp. 13 refs. USAF-sponsored 
development of a gage suitable for measuring ex- 
tremely high heat-transfer rates under quasi-tran- 
sient conditions occurring in shock tubes. 

On the Wind Tunnel Testing of Helicopter 
Models. M. S. Hooper. Helicopter Assn. Gt. 
Brit. J., June, 1958, pp. 91-110; Discussion, pp, 
111-120. 36 refs. Discussion of the develop- 
ment of testing techniques for models, and pres- 
ee of some test results for the Fairey Roto- 

yne. 


actual size 


Rotating Wing Aircraft, Helicopters 


Fairey Rotodyne. R. A. Cole. Aircraft & 
Missiles Mfg., May, 1958, pp. 48-53. Descrip- 
tion of design configurations, manufacturing as- 


pects, and operational characteristics of the Fairey 
The “E” construction of AMPHENOL’s miniature, multi-con- | Rotodyne. 


tact electrical connectors pass a tough, new altitude-mois- 
ture resistance test which accurately simulates perform- Fig 
ance conditions in new aircraft and missiles. Connectors c-< . U.S., NACA TN 4355, July, 
are submerged in salt water and altitude-cycled to 80,000 | Induced Velocities Near a Lifting Rotor with 
ft., to 65,000 ft. and then returned to room ambient pres- | Nenuniform 
sure. At the end of the test AMPHENOL MINNIE’s have a | PP. 16. refs. 
minimum insulation resistance of 1000 megohms, approx- than 
imately ten times greater than that acceptable under MIL- Alouette Test Bench. M. Berry. Am. Heli- 
C-5015C after moisture. Alouctie test bench end of the rotor test procedure 
used, 


Safety 


Seat Design for Crash Worthiness. I. I. 
Pinkel and E. G. Rosenberg. U.S., NACA Rep. 
1332,1957. 16pp. Supt. of Doc., Wash., $0.25. 
MINNI E’s have stainless steel bayonet slots and pins, pro- | Helicopter Ditching Technique. J. R. Flewitt. 


(Saro Prog., No. 4, 1957.) Am. Helicopter, Apr., 
viding greater durability and eliminating the wear en- | i958, pp. 6.7. 


ith “ ie imi Maintaining the Wing Life Raft System. II— 
with and similar surface treatments Bequenting v ave 
r pase metals, Type System. Carl alkow. ockhee: ie 
=r Serv. Dig., July-Aug., 1958, pp. 3-19. 


Space Travel 


The Development of Space Vehicles. C. A. 


Cross. Aeronautics, May, 1958, pp. 39-41. Ex- 
Both #16 and #20 size socket contacts in MINNI E connec- | amination of such technical problems behind the 


: . development of space vehicles as propulsion, guid- 
tors resist test prod damage. The entering end of the socket | Shce, end re-entry into the atmosphere. L 


has a one-piece stainless steel hood that excludes the en- | Special Issue: Manual on Rockets and Satel- 

lites. II—TheIGY Rocket Program. Ann., 
trance of a pin .005” larger than the diameter of the mat- | Voi. vi, Pi. 17, 1958, pp. 11-114. Discussion of 
. the objectives of participating nations in the 
ing male contact. rocket program. Includes description of tests, 
rocket vehicles, and telemetering systems. 


Special Issue: Manual on Rockets and Satel- 
lites. II—The IGY Earth Satellite Program. ( 
IGY Ann., Vol. VI, Pt. III, 1958, pp. 115-452. 

29 refs. Discussion covering general satellite per- 
formance, experimental studies made by the 
USSR and USA, and description of satellite vehi- ' 
cles and tracking methods. 


Special Issue: Manual on Rockets and Satel- 
lites. IV—-CSAGI Conference Resolutions and 
Data Guide. [GY Ann., Voi. VI, Pt. IV, 1958, 
pp. 453-475. 19 refs. Discussion including 
world data centers, as well as methods of present- 
ing data from research rockets and satellites. 


Practical Limitations on Orbit Determination. 
R. M. L. Baker, Jr. IAS Natl. Summer Meeting, 


AMPHENOL’s Authorized Industrial Distributors 
stock MINNIE and other standard components, 
provide immediate service. 


AMPHENOL ELECTRONICS CORPORATION 


. chicago 50, illinois 
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Americans in motion depend upon Holley 


The startling advances in the last decade 
in pounds of thrust, in horsepower have 
exceeded nearly every other decade in 
America’s engine development history. The 
challenge of contributing to this advance 
has fallen to Holley engineering teams with 
such varied problems as lighter weight, 
more compact fuel controls for jet engines, 
carburetors with more and more breathing 
Capacity, ignition systems with more and 
more accuracy. 


Holley’s two teams of design and manu- 
facturing engineers have developed prod- 


ucts as unlike the carburetors of the past as 
jet engines to Stanley steamers. 


Today, Americans stand on the threshold 
of a decade which will far outmode the 
power outputs of today. Holley engineers 
are currently working on control systems 
for power outputs relegated just yesterday 
to science fiction. 


As in the last fifty years, Americans in 
motion will depend upon Holley products. 


For more information about Holley 
products, automotive and aircraft, write to 
HOLLEY CARBURETOR CO., 11955 
E. Nine Mile Road, Warren, Michigan. 


How to squeeze 


LEADER IN THE DESIGN, 
DEVELOPMENT AND MANUFACTURE OF 
AUTOMOTIVE AND AVIATION 

FUEL METERING DEVICES 


i- 
d 2 
t- | 
g, 
> 
M 


Los Angeles, July 8-11, 


presented. 
Operation Manhigh II. 


P. Parks. Jet Propulsion, Aug., 1958, pp. 523- 
2. 10 refs. Description covering the balloon 
and capsule system, as well as the flight opera- 


tion. 


ments. 
Microlock : 


Discussion of the manner in which observational 
data can be incorporated in interplanetary orbit- 
ing missions. Specific examples of the naviga- 
tional accuracy required in take-off speed and by 
employment of “braking ellipses’’ at landing are 


Observations Made During Manhigh II Flight. 
G. Simons. Jet Propulsion, Aug., 1958, pp. pp. 6, 7 
521, 522. Discussion of studies made during a 
manned ascent to the 100,000 ft. region. Obser- 
vations included evaluation of the balloon-capsule 
system performance and meteorological, astro- 
nomical, and medica] studies. 
Satellite Instrumentation Gathers Information. 
Ind. Sci. & Eng., Apr., 1958, pp. 10-12, 14. Brief 
discussion including information on satellite signal 
reports, orbital position, and protection of instru- 


A Minumum Weight Radio In- 
strumentation System for a Satellite. H. L. 


1958, Preprint 842. 


a receiving system of advanced design. 


Satellite ‘‘Eyes’’ to View Earth Weather Condi- 
Missiles & Rockets, 
June, 1958, pp. 72-75. Discussion of the use of 
satellite weather eyes. The stratoscope telescope 


O. C. Winzen and D. tions. William Strouse. 


and the Vanguard weather eye are described. 


data obtained. 


Luftfahrttechnik, June 15, 1958, pp. 177, 178. 


Soviet satellite Sputnik IIT. 


Richter, Jr., W. S. Sampson, and Robertson Stev- 
Members, $0.35; nonmembers, $0.75. 5 pp. ens, Jet Propulsion, Aug., 1958, pp. 532-540. 
Discussion covering the design, construction, and 
laboratory testing of a satellite tracking system. 
The tracking mechanism employs a low-power, 
light-weight flight transmitter in conjunction with 


Samaia Krupnaia v Mire Kosmicheskaia La- 
boratoriia. Grazhdanskaia Aviatsiia, June, 1958, 
In Russian. Description of the third 
Soviet artificial satellite in terms of astrophysical 


Erdsatellit ‘‘Sputnik’’ III W. Michely. 
German. Brief survey of available data on the 


Sputnik as a Tool for Securing Geodetic Infor- 
mation. Louis Gold. Franklin Inst. J., Aug., 
1958, pp. 103-107. Description of the way in 
which Sputnik tracking data, including perigee 
and apogee, period and orbital velocity, may be 
used to deduce such important geodetic facts as 


flying colors. 


THE LAMB ELECTRIC COMPANY 


Aircraft de-icing 
pump motor. 


Passes Tests With Flying Colors 


MILITARY AIRCRAFT MOTOR 
-». equal dependability for your product 


One of the recent Lamb Electric developments is a motor to drive 
submerged pumps on military aircraft—for transfer of fuel from 
reserve to engine tanks. 


For such an important application, motor reliability far beyond that 
normally called for was needed. To insure this degree of reliability 
in its actual operation of driving the submerged pump, test require- 
ments for the motor were exceptionally rigorous. 


As the result of advanced engineering and design, greatly increased 
brush life, and ability to operate at extremely high temperatures and 
withstand severe shock tests, the motor passed gruelling tests with 


The skill and experience exemplified here is available to your com- 
pany to provide dependable power for yoxr new or redesigned products. 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 


In Canada: Lamb Electric— Division of Sangamo Company Ltd.—Leaside, Ontario 


FRACTIONAL HORSEPOWER MOTO R S$ 
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the mass and mean radius of the Earth without 
any knowledge of the launching conditions. 


Ergebnisse von Temperaturmessungen mit 
“Explorer’? I. W. Michely. Luftfahrttechnik, 
June 15, 1958, p. 178. In German. Brief pres- 
entation of results on temperature measurements 
obtained from the Explorer I satellite. 

Il Razzo Lunare. Glauco Partel. Riv. Aero., 
June, 1958, pp. 819-830. In Italian. Discus. 
sion of the basic problems of flight to the Moon, 
including the design and propulsion of a vehicle, as 
well as presentation of pertinent data. 


Structures 


Some Stress Analysis Problems of Current 
High-Speed Fighter Aircraft and Their Educa- 
tional Implications. J. F. Yardley. J. Eng. 
Educ., Apr., 1958, pp. 631-639. Discussion in- 
cluding problems in internal loads, structural effi- 
ciency, fatigue, thermal stresses, and stiffness re- 
quirements. 


De Quelques Réalisations Francaises dans le 
Domaine des Structures Nouvelles. B. Dorléac, 
(NATO AGARD 6th Structures & Materials 
Panel, Paris, Nov. 4-8, 1957.) Docaéro, May, 
1958, pp. 3-14. In French. Survey of French 
development with new methods of construction, 
including advantages and limitations of integral 
and sandwich construction, and an illustrative 
application to the Trident $0-9050 wing. 


Bars & Rods 


Mestnye Napriazheniia pri Kruchenii logo 
Prizmaticheskogo Brusa s Ellipticheskim Neso- 
osnym Otverstviem. Iu. A. Amenzade. AN 
SSSR Dokl., Apr. 21, 1958, pp. 1,118-1,121. In 
Russian. Determination of local stresses in a 
twisted circular prismatic rod with an elliptical 
noncoaxial hole. 

Ustoichivost’ Ravnovesiia Sterzhnei s Tochki 
Zreniia Matematicheskoi Uprugosti. K. 
F. Voitsekhovskaia. AN SR Dokl., Apr. 11, 
1958, pp. 903-906. In Fwy Application of 
the mathematical theory of elasticity to the spa- 
cial problem of compression stability in elastic 
circular rods, 


Beams & Columns 


The Behaviour of Webplates of Plate Girders 
Subjected to Pure Bending. K.C. Rockey and 
F. Jenkins. (Struc. Engr., May, 1957.) ADA 
Res. Rep. 33, Aug., 1957. 17 pp. 23 refs. Re- 
print. Test results for elastic and inelastic buck- 
ling of web plates, 

Creep Defiexion and Stress Distribution in a 
Beam. W. J. Goodey. Aircraft Eng., June, 
1958, pp. 170-172. Analysis of the stress distri- 
bution in a beam subjected to a constant bending 
moment. 


Cylinders & Shells 


K Obshchei Teorii Anizotropnykh Obolochek. 
S. A. Ambartsumian. Prikl. Mat. i Mekh., Mar.- 
Apr., 1958, pp. 226-237. 13 refs. In Russian. 
Derivation of the general theory of anisotropic 
shells and analysis of several illustrative cases. 

O Variatsionnom Printsipe Kompleksnoi Teorii 
Obolochek. K. F. Chernykh. Prikl. Mat. i 
Mekh., Mar.-Apr., 1958, pp. 238-244. In Rus- 
sian. Evaluation of the variational principle in 
the complex theory of shells. 

Ustoichivost’ Uprugo-Plasticheskikh Neodno- 
rodnykh Obolochek. E.I.Grigoliuk. AN SSSR 
Dokl., Apr. 1, 1958, pp. 663-666. In Russian. 
Study of the stability of elasto-plastic inhomoge- 
neous shells, with derivation of a formula for de- 
termining the critical forces of the local stability 
loss under combined loading. 

On Simplified Fuselage-Structure Stress Dis- 
tributions. W.R. Jensen. J. Aero/Space Sci., 
Oct., 1958, pp. 656, 657. Description of a new 
technique to obtain simplified accurate structure 
stress distribution. The results are compared 
graphically with other procedures, 


Elasticity & Plasticity 


Solution of the Plane Problem of Elasticity in a 
System of Cartesian Coordinates, Mass Forces 
Being Taken Into Consideration. Franciszek 
Szelagowski. Arch. Mech. Stosowanej, No. 1, 
1958, pp. 99-105. 

Difraktsiia Ploskoi Uprugoi Volny Otnositel’no 
Ugla. V. A. Sveklo and V. A. Siukiiainen. AN 
SSSR Dokl., Apr. 21, 1958, pp. 1,122, 1,123. In 
Russian. Study covering the problem of diffrac- 
tion of a plane elastic wave relative to an angle. 

Ploskaia Deformatsiia Neszhimaemogo Ma- 
teriala. L.A. Tolokonnikov. AN SSSR Dokl., 
Apr. 21, 1958, pp. 1,124-1,126. In Russian. 
Study of the problem of plane deformation of in- 
compressible materials and introduction of sim- 
plifying assumptions. 

The Three-Dimensional Elastic Problem for a 
Wedge with Given Boundary Displacements. 
Ya. S. Ufliand. (AN SSSR Dokl., No. 6, 1955, 
pp. 1,177-1,179.) Australia, ARL Trans. 15, 
June, 1958. 5 pp. Translation. 


(Continued on page 126) 
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. . . in the field of aeronautical engineering and space technology 


AERODYNAMICS 


Aerodynamics, A Series of Papers Revised and 
Reprinted from ‘Research’ Vol. 10, 1957. Lon- 
don, Butterworths Scientific Publications; New 
York, Interscience Publishers, Inc., 1957. 47 
pp., illus., diagrs. $2.50. 

Contents: Aerodynamics: Theory and Prac- 
tice, T. Nonweiler. Wings and Bodies in Low 
Speed Flow, J. L. Stollery. Aircraft Perfor- 
mance, Stability and Control, W. Babister. 
High Speed Flight, J. Black. The Aerodynamic 
Laboratory, J. Black. Current Aerodynamic 
Problems, W. J. Rainbird. 


AERONAUTICS, GENERAL 


Proceedings of the Seventh AGARD General 
Assembly, November 25-26, 1957. (The Wash- 
ington AGARD Conference, November 18-26, 
1957.) Paris, NATO AGARD, 1957; Distributed 
in U.S. by NACA, Washington. 101 pp., illus., 
diagrs. 

Contents: Growth of Air Power in the United 
States, N. F. Twining. Towards Higher Alti- 
tude: Round Table Discussion, Hugh L. Dryden, 
Chairman. Physics of the Stratosphere and 
Ionosphere, W. Dieminger. Aerodynamics of 
Low Density Media, G. N. Patterson. Propul- 
sion at High Altitudes, M. Florio. Human Param- 
eters of Space Flight, P. A. CampbeH. High 
Altitude Flight Testing, I. C. Kincheloe, Jr., and 
H. M. Drake. Reports of Panel Chairmen: 
Aeromedical Panel, E. Evrard. Combustion and 
Propulsion Panel, Ducarme. Flight Test 
Techniques and Instrumentation, A. J. Marx. 
Structures and Materials, L. Broglio. Wind 
Tunnel and Model Testing, I. A. Abbott. Docu- 
mentation Committee, R. A. Kennedy. Report 
on AGARD Secretariat, F. L. Wattendorf. List 
of Panel Papers. 


1958 First Award Papers; IAS Student Branch 
Paper Competition. New York, Minta Martin 
Aeronautical Student Fund, Institute of the 
Aeronautical Sciences, Inc., 1958. 127 pp., illus., 
diagrs., tables. 

The papers that make up this fifth annual edi- 
tion were presented at seven IAS regional con- 
ferences held in the spring of this year. Each 
paper was judged a first-place winner by a board 
of judges and was published by the IAS as a 
means of providing additional encouragement and 
incentive to the engineering student and assisting 
him in defining his own professional goals. 

Contents: Effect of Air Temperature on Vortex 
Shedding Behind Cylinders, William D. Clifford. 
The Laminar Boundary Layer Flow on an Axis 
Symmetric Body with Transverse Curvature 
Effect, Joseph Tsu Chieh Liu. Flutter of Two 
Dimensional Panels in Transonic Regime, Mal- 
colm H. Lock. An Experimental Investigation of 
Internal Compression Intake Nozzles with Per- 
forated Walls, George Michos. An Investigation 
of Barium as an Ionic Fuel, Robert M. Nerem. 
Aerodynamic Characteristics of a Hemisphere in 
Newtonian Flow, Edgar Brian Pritchard. An 
Escape Trajectory for a Vehicle in the Earth- 
Moon Gravity Field, Lester W. Roane. A Po- 
tential Flow Study of the Lift on Slender Bodies 
of Revolution, A. Richard Seebass. Longitu- 
dinal Stability Derivatives of Missile Shaped 
Bodies at Hypersonic Speeds, Robert H. Tolson. 

Experimental Verification of Static Stability 
Predicted by Nonlinear Elastic Beam-Column 
Theory, Thomas L. Vincent. Medical Aspects of 
Human Flight, John B. Whitlow, Jr. 


COMPUTERS 


_ Joint New York University, Internaticnal Bus- 
iness Machines Corporation Symposium on Digi- 
tal Computing in the Aircraft Industry, January 
31-February 1, 1957, New York University Coi- 
lege of Engineering, Gould Student Center, Uni- 
versity Heights Campus. Co-Sponsored by In- 
stitute of the Aeronautical Sciences and Society 
for Industrial and Applied Mathematics. IBM- 
NYU Symposium, 401 W. 205th St., New York 
34, N.Y., 1957. 399 pp., illus., diagrs. $8.00. 
Contents: Transient Water Loads, Solis James. 
Use of Digital Computing for Aerodynamic Per- 
formance Studies, J. J. Moses and W. H. Weide- 
man. Gust Spectra from Aircraft Measure- 
ments, U. Oscar Lappi. A Comparison of Four- 
ier Analysis and Auto-Correlation Techniques for 
Harmonic Analysis, Cecilia Y. Fleck. Applica- 
tion of Dynamic Programming to the Airplane 
Minimum Time to Climb Problem, T. F. Cartaino 


and S. E. Dreyfus. Transient Thermal Analysis, 
Robert K. Prince and Thomas A. Sedgwick. 
Tailor-Made Computing System, Mandalay 
Grems. Operation of a Complete Computing 
Center for an Aircraft Company, Lee A. Ohlinger. 
Application of a Digital Data Handling System to 
Flight Test Organization, Charles E. Pettingall. 
Automatic Wind Tunnel Data Reduction, David 
Feign, R. MacArthur, and V. Widler. The New 
Look in Engineering, Daniel O. Dommasch. 
Dynamic Considerations in Aircraft, Autopilot 
and Guidance Systems, R. J. Kochenburger. 
An Experiment in Conformal Mapping, T. J. 
Rivlin and C. L. Eisen. Analysis of Landing 
Gear Systems, James L. Edman. Survey of 
Multi-Group Reactor Calculations, Ward C. 
Sangren. Generalized Seat Ejection System 
Study, George B. Fallon. Digital Systems Anal- 
ysis, Everett R. Welmers. Computation of 
Missile Trajectories in Three Dimensions, Clagett 
Bowie. Recursion Formulas for Generating 
Sampled Filtered Noise on a Digital Computer, 
Marvin Blum. Numerical Solutions or Ordinary 
Differential Equations, John Horner and Mark 
Robinson. Eigenvalues in Modern Industry: 
(1) Survey of Physical Origin and Mathematical 
Formulation, J. A. Brooks and E. Levin. (2) 
Computing Techniques for Matrices, Werner L. 
Frank and Ivin Tarnove. (3) Problems Involving 
Differential Operators, S. D. Conte and David 
Young. 


ELECTRONICS 


Principles of Electronic Instruments. Gordon 
R. Partridge. Englewood Cliffs, N.J., Prentice- 
Hall, Inc., 1958. 393 pp., diagrs., tables. $11. 

Specifically designed to show how electronic in- 
struments function and why each is used, this 
book explains the principles and practices of elec- 
tronic instrumentation in a way that aids the 
reader in designing his own special-purpose in- 
struments. The book is based on the principle 
that almost anything can be measured with an 
electronic instrument, provided the unknown 
quantity can be converted into an electrical signal. 
Within this framework, the author, who is a 
Senior Engineer in the Communications Depart- 
ment, Raytheon Manufacturing Co., discusses 
such topics as ‘“‘Whv Flectronic Instruments,”’ 
“The Significance of Voltage Measurements,” 
“AC Electronic Voltmeters.”’ “Frequency Meas- 
uring Instruments,”’ and “Digital Display.” 


ENGINEERING 


Engineering Systems Analysis. Robert L. 
Sutherland. Reading, Mass., Addison-Wesley 
ed Co., Inc., 1958. 223 pp., diagrs. 


Written for students of engineering on the ad- 
vanced undergraduate level, this text is designed 
to point up the similarity between topics in dif- 
ferent fields of engineering by means of analogies 
which exist in the mathematical description of the 
problems involved and in the character and form 
of the solutions to the problems. The aim of the 
book is to show the engineer that certain methods 
of analysis and solution, such as dimensional anal- 
vsis and high-speed computing machines, which 
he often considers to be specialized tools for his 
own branch, are if reality broad and powerful 
generalized tools which are extremely valuable 
when unusual problems are encountered. The 
author is Associate Professor of Mechanical En- 
gineering, State University of Iowa. 

Contents: (1) Analogs and Engineering Analo- 
gies. (2) Mechanical Vibrations. (3) Oscilla- 
tionsin Electrical Networks. (4) Dynamical Sys- 
tems and their Characteristics. (5) Methods of 
Solution for Analogous Systems and Mixed Sys- 
tems. (6) Dimensional Analysis and Applica- 
tions. (7) Principles of Feedback and Control. 
(8) Analog and Digital Computing Machines. 
Answers to Problems. Index. 


FLUID MECHANICS 


Fluid Dynamics and Heat Transfer. James G. 
Knudsen and Donald L. Katz. New York, Mc- 
Graw-Hill Book Co., Inc. 576 pp., illus., diagrs., 
tables. $12.50. 

In this presentation of the fundamentals of 
fluid dynamics which are basic to an understand- 
ing of convection heat transfer, the material is 
developed from the application of first principles 
in fluid dvnamics and heat transfer through the 
practical formulations used in design procedures. 


The book brings together both theoretical aspects 
and quantitative data on heat transfer and fluid 
dynamics. Basic principles of various types of 
fluid flow are presented in the first eleven chapters, 
which serve as a foundation for the discussion of 
several aspects of forced-convection heat transfer 
in the concluding chapters. 

The authors are, respectively, Professor of 
Chemical Engineering, Oregon State College, and 
Professor of Chemical Engineering and Chairman, 
Department of Chemical and Metallurgical En- 
gineering, University of Michigan. 


GRAPHICS 


Introductory Graphics. J. Norman Arnold, 
and others. New York, McGraw-Hill Book Co., 
Inc., 1958. 543 pp., diagrs. $7.75. 

Nine hundred illustrations and 33 pages of 
tables are used in this engineering drawing book 
which emphasizes graphical solutions to engineer- 
ing and mathematical problems. The text is de- 
signed to help the beginning student of engineer- 
ing in the graphic representation of objects, data, 
and physical phenomena, as well as the solution 
of space and graphical analog problems. Some 
special topics incude chapters on graphical calcu- 
lus, empirical equations, and an elementary treat- 
ment of map projection. 

The author is Professor of Engineering Graph- 
ics, Purdue University. 


HELICOPTERS 


The Helicopter. Jacob Shapiro. London, 
New York, The Macmillan Co., 1958. 269 pp., 
illus., diagrs. $4.50. 

This book for the general reader includes an 
account of its history, a description of a typical 
helicopter, its design and operating efficiences, 
principles of vertical flight, physics of the rotating 
wing, various uses of the helicopter in war and 
peace, and its potential in the future. 

The author is an active helicopter engineer and 
designer in Great Britain. 


ICE FORMATION & PREVENTION 


Edmond A. Brun, General Editor. (AGARD- 
ograph No. 16.) Paris, NATO A 
Distributed in U.S. by NACA, Washington. 
264 pp., illus., diagrs., tables. 

Contents: (1) General Survey, E. A. Brun. 
(2) Icing Conditions to be Considered in the De- 
sign of Protection Systems, D. Fraser and K. G. 
Pettit. (3) The Measurement of Icing Condi- 
tions, D. G. A. Rendel and F. J. Bigg. (4) Icing 
Wind Tunnel Tests, R. B. Morrison, J. A. Nich- 
olls, R. E. Cullen, and H. E. Stubbs. (5) Flight 
Tests in Simulated Icing Conditions, G. C. Abel 
and J.K. Thompson. (6) Icing Flight Test Con- 
cepts in the U.S.A., James K. Thompson. 


MATERIALS 


Fluorocarbons. Merritt Allen Rudner. New 
York, Reinhold Publishing Corp., 1958. 238 pp., 
illus., diagrs., tables. $5.75. 

This monograph presents the history, proper- 
ties, chemistry, method of manufacture, and ap- 
plications of the fluorocarbon materials. It also 
gives their capabilities and limitations as com- 
pared with other plastics and describes their elec- 
trical, mechanical, and chemical applications. 

The author is President, Enflo Corp. 

Cellulosics. Walter D. Paist. New York, 
Reinhold Publishing Corp., 1958. 270 pp., 
illus., diagrs., tables. $5.75. j 

This concise survey of the field of cellulosics 
and their applications includes the chemistry, 
properties, and fabrication methods of the mate- 
rials with extensive examples of their applica- 
tions—fibers, films, molding powders, protective 
coatings, adhesives, thickening agents, etc. The 
author, who is with the Plastic Division, Celanese 
Corp. of America, concludes the work with an ap- 
praisal of the industrial future of the er 

Vinyl Resins. W. Mayo Smith. New York, 
Reinhold Publishing Corp., 1958. 285 pp., illus., 
diagrs., tables. $5.75. 

The author, Director of Research and Develop- 
ment, Escambia Chemical Corp. Research Center, 
has put the emphasis upon the applications of the 
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1717 


7718 
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Actuating System for 1000°F. 
Operation—John A. Osterman. 

The Role of Electrical Actuating Systems in 
Supplementing SeaMaster Flight Con- 
trols—Howerd C. Zachmann. 

Rocket Research in Canada—R. F. Wilkin- 
son 

Environmental Simulation: Its aa aad 
Value in System Testing—C. A. Mills. 

The Ordnance Corps Envanal Program— 
Howard M. Bunch. 

The Use of Models in Aeroelastic Anal- 


ysis—J. A. McKillop. 
The Aeroelastics of Tall Stacks—R. A. 
joorne. 
Functional Mock-Ups for Aircrew—M. G. 
illans. 


JAS Preprints 


$0.35 


0.35 
0.35 
0.65 
0.35 
0.65 
0.35 
0.35 


Member Nonmember 
Price Price 
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1.00 
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1.00 
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859 


860 


CAI-IAS Joint Meeting 


Powerplant Design Considerations for 
VTOL Jet Transports—Martin J. Saari. 

Broad Outline of Aircraft Feel: Pilot's 
Appreciation—W. J. Potocki. 

The Design of Training Equipment—Clif- 
ford P. Seitz. 

Close Tolerance and Other Special Forgs- 
ings—W. Morgan. 

Thermal Insulation Ceramic Coatings— 

lan V. Le 

The Flutter of Low Aspect Ratio Wings— 

Walter P. Targoff and Richard P. White, 


r. 
Design and Applications of Mach 4 Tur- 
bine Engines—M. Zipkin and R. E 


eitzel. 
Research Aircraft—Joseph Wal- 
er. 


26th Annual Meeting and National Summer Meeting 


Theoretical Considerations of Flutter at 
igh Mac! lumbers—H. G. Morgan, 
H.L. Runyan, and Vera Huckel. 


Thermal Stresses and in 
tangular Sandwich Plates—P 
Bijlaard. 

Some Effects of Curvature on Frames—R. 
W. Westrup and P. Silver. 

Aircraft Fatigue—ls Low Me- 
terial the Answer?—C. R. Smith 

nie Fatigue Test of the C-1 30A Hercu- 
les—J. E. York. 

A Semi-Empirical Analytical Method of 

ining Aerodynamic Derivatives— 
Van Dorn. 

A Comparison of Theoretical and Experi- 
mental Loads on The B-47 
from Discrete boo Gusts E 
Jackson and J. E. Wherry. 

Some Structural Response Characteristics 
of a Large Flexible Swept-Wing Aijr- 
plane in Rough Air—T. L. Coleman, 
H. N. Murrow, and H. Press. 

Some Applications of Theoretical Aero- 
dynamics to the Design of High Per- 
formance Aircraft—G. C. Grogan, Jr. 

iy Range Measurements of the 

Performance and Stbility Supersonic 
Aircraft—H. R. Warren, lin, 
and B. 

The Minimum Wave-Drag Problem for the 
Addition of a Body to a Given Airplane 

onfiguration—J. F. Vandrey. 

— — Demand of the Decade: 1953- 

. D. Harvey. 

ne es Flow Field of an Axial Com- 
pressor Blade Row—J. E. McCune. 

A Linear Perturbation Method for Ste- 
bility and Flutter Calculations on Hyper- 
sonic Bodies—Maurice Holt. 

Cybernetics in Human Flight—G. T. Heuty. 

The Supersonic Blunt-Body Problem— 
Review and Extension—M. D. Van 

e. 

Chemical Relaxation in Air, Oxygen and 
Nitrogen—M. Camac, J. Camm, S. Feld- 
man, J. Keck, and C. es 

Devel of the Talos Land-Based 

System Holmes. 

Pitch-Lag Instability of Helicopter Rotors— 

ei Chi Chou. 

Direct Analog Method of Analysis of the 
Vertical Flight Dynamic Characteristics 
of the Lifting Rotor with Floating Hub— 
R. H. MacNeal. 

Research in the Field of Wingless VTOL 
Aircraft—A. M. Lippisch. 

An Analytical Procedure for the Prelim- 
inary Structural and Dynamic Design, and 

eight Estimation of Helicopter Rotor 
Rasumoff. 


$0.50 


0.50 
0.50 
0.35 
0.35 


0.35 


0.65 


0.50 


0.35 


0.50 


0.50 
0.35 
0.50 


0.35 
0.35 


0.50 


0.50 
0.35 
0.50 


0.65 
0.35 


0.50 


$0.85 


0.85 
0.85 
0.75 
0.75 


0.75 


1.00 


0.85 


0.75 


0.85 


0.85 
0.75 
0.85 


0.75 
0.75 


0.85 


0.85 
0.75 
0.85 


1.00 
0.75 


0.85 


813 


814 
815 
816 


818 


819 


820 


837 


838 
839 
840 
841 
842 
843 
844 


Long- ag tenes, (A_ Symposium)— 


G. C. Covington, R. L 
and urdy, 


NACA Research in the Field of VTOL 
and STOL Aircraft—C. H. Zimmerman. 


The Army-Navy Instrumentation Program— 

ommander George W. Hoover. 

& Reducing Aerodynamic Heat Transfer 

Rates by Magnetohydrodynamic Tech- 
niques—R. C. Meyer. 

The Dynamics and Certain Aspects of Con- 
trol of a Body Re-entering the Atmos- 
phere at High Speed—Joseph D. Welch 
and S. L. Shih. 


Interrelations of Space Medicine with 
ther Fields of Science—Hubertus 
Strughold. 

Analysis of the Vertical Flight Dynamic 
Characteristics of the Lifting Rotor with 
Floating Hub and Offt-Set Coning 
Hinges—K. H. Hohenemser and C. H. 
Perisho. 

Development, Flight Test, and Evaluation of 
& Mechanical Stabilizer for Single pater 
Helicopters—G. Dausman, 
Gebhard, and L. Goland. 

The Plastic sg ve ing a Geophysical Plat- 
‘orm—R. H. Bra 

Project Far Side. 

ramer. 

Supersonic Civil Air Transports With Con- 
sideration of Potential VITOL Capa- 
bilities—James A. O'Malley, Jr. 

Booster Propulsion For Space Vehicles— 
R. S. Wentink. 

Cosmology—Winston H. Bostick. 

The Arctic Distant Warning System—W. E. 

urke. 

Booster Case Design or Hypersonic 
Vehicles—Peter E. Grafton and Eugene 
F. Styer. 

Comparison of Approximate Solutions of 
the Thermoelastic Problem of the Thick- 
Walled Tube—J. H. Baltrukonis. 

Analysis and Direct Measurement of the 
Skin Friction of Uniformly Rough Sur- 
faces at Supersonic Speeds—Felix W. 
enter. 

Improved Reliability in Air-Ground Com- 
munications—Burton F. Miller. 


Hypersonic Digital Control Systems—A. E. 


ooper. 

The Rocket-Engine Test Facility Sets the 
ace—Benjamin F. Rose, Jr. 

Design of Ramjet foges Ground Test 
Facilities—S. D.F Fasken. 

Practical Limitations on Orbit Determina- 
tion—Robert M. L. Baker, Jr. 

The Handling Qualities of VTOL Aircraft 
at Low Speed—P. F. Girard. 

The Problem of Obtaining High Lift-Drag 
Ratios at Supersonic —Clinto 
E. Brown and Francis E. McLean. 
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materials and avoids highly technical matter 
wherever possible. 


MATHEMATICS 


Functions of Real Variables. William Fogg 
Osgood. (Reprint of 1935 Edition.) New 
York, Chelsea Publishing Co., 1958. 262 pp. 
$4.95. 


Elementary Number Theory. Edmund Lan- 
dau. Translated from the German by Jacob E. 
Goodman; With Exercises by Paul T. Bateman 
and Eugene E. Kohlbecker. (Reprint of the 
1927 Edition.) New Lg Chelsea Publishing 
Co., 1957. 256 pp. $4.9 


Matrix Theory for seuitiae J. Heading. 
London, New York, Longmans, Green and Co., 
1958. 242 pp. $6. 50. 

The approach adopted throughout this book is 
to treat matrix theory as a tool rather than a 
branch of abstract algebra. After devoting the 
first two chapters to the basic mathematical 
theory, the author then applies the theory to the 
subjects of three-dimensional geometry, dynamics, 
electromagnetic theory, special theory of relativ- 
ity, and quantum mechanics. 

The author is Senior Lecturer in Mathematics, 
West Ham College of Technology. 


NUCLEAR ENERGY 


Nuclear Rocket Propulsion. R. W. Bussard 
and R. D. DeLauer. New York, McGraw-Hill 
Book Co., Inc., 1958. 370 pp., illus., diagrs., 
tables. 0. 

In this volume, which introduces the reader to 
the new McGraw-Hill Seties in Missiles and 
Space Technology, the authors present a com- 
prehensive picture of a pioneer field of nuclear 
power application which is expected to supplant 

conventional chemical propulsion as a_thrust- 
producing device, at least for vehicle missions in- 
volving heavy payloads and long ranges such as 
for the establishment and continuing supply of 
large earth satellites. By joining nuclear reactor 
technology to the characteristics of rocket-motor 
gas dynamics and the inherent features of ballis- 
tic-rocket-vehicle flight, they afford the physicist, 
the engineer, and the designer an insight into the 
requirements and future possibilities of advanced, 
high-performance nuclear propulsion systems. 
No attempt is made to include chemical rockets 
per se since the literature in this field is more 
readily available. 

Contents: (1) Introduction. (2) Basic Rocket 
Performance. (3) System Analysis. (4) Heat 
Transfer and Fluid Flow. (5) Materials. (6) 
Nucleonics. (7) System Control. (8) Testing. 
(9) Advanced and Exotic Systems. Appendix. 


Application of Atomic Engines in Aviation. G. 
N. Nesterenko, A. I. Sobolev, and Iu. N. Sushkov. 
(Translation of Primenseniie atomnykh dvigatelei 
" aviatsii. Moscow, Military Press of the Minis- 

y of Defense of the U.S.S.R., 1957.) (PB- 
131908 T.) Washington, Office of 
Services, 1958. 184 pp., diagrs. $3.00 


Primenenie Atomnykh Dvigateley v  Aviatsii 
(Application of Atomic Engines in Aviation). 
N. Nesterenko, A. I. Sobolev, and Iu. N. 
Sushkov. (Nauchno- Populiarnaia. Biblioteka.) 
Moscow, Voennoe Izdatel’stvo Ministerstva 
Oborony Soiuza SSR, 1957. 168 pp., diagrs. 

We have here both the original and a translation 
of a pamphlet which aims to systematize the scat- 
tered data in world literature (with emphasis on 
Russian sources) dealing with the utilization of 
atomic power plants in aviation and rocket en- 
gineering. The information has been presented 
to be read and understood by a wide range of 
readers and covers the following areas: 

(1) Perspectives for the use of atomic energy 
in aviation, which deals with the use of chemical, 

- petroleum, and nuclear fuels. 

(2) Nuclear reactors for aircraft power 
plants, which gives the design and specifications 
for different types of nuclear reactors and the diffi- 
culties in developing them for use in aircraft. 

(3) Possible diagrams of aircraft atomic power 
plants, which gives details of the following engines: 
atomic rocket, ram-jet atomic, atomic turbojet 
atomic turboprop, atomic turbojet with motor- 
driven compressor, and combined nuclear-chemi- 
cal fueled engine. 

(4) Aircraft with atomic engines, which dis- 
cusses the different radiation rays to be dealt 
with, and the design and handling features of air- 
craft of this type. 

(5) Atomic energy and interplanetary flight, 
which deals with cosmic velocities and atomic 
space rockets. 


OPERATIONS RESEARCH 


A Comprehensive Bibliography on Operations 
Research, Through 1956, with Supplement for 

1957. Operations Research Group, Engineering 
Administration Dept., Case Institute of Tech- 
nology. Beverly Bond, Harish Merchant, and 
Arthur J. Yaspan. With Financial Support from 
Case Institute of Technology and Operations Re- 
search Society of America. (Operations Re- 
search Society of America, Publications in Opera- 
tions Research, No.4.) New York, John Wiley & 
Sons, Inc., 1958. 188 pp., $6.50. 

This bibliography contains approximately 
3,000 titles of books, articles, reports, and proceed- 


STRUCTURES 
ENGINEERS 


it will pay you to investigate 
these challenging 
and rewarding openings 


A number of high level positions are now available in Bell 
Aircraft’s four divisions. These will appeal particularly to 
experienced structures engineers who desire an opportunity 
for rewarding progress in advanced research, analysis and 
development of space vehicles, high performance jet VTOL 
aircraft, guided missiles and rocket propulsion systems. 


SPACE FLIGHT "Dyna-Soar’ 


@ Structural Loads Design 
@ Preliminary Design & Airframe Analysis 
@ Structural Cooling 


AIRCRAFT Jet VTOL 


@ Project Loads Engineer 
@ Advanced Structural Design Chief 
@ Airframe Structural Design & Analysis 


MISSILES Advanced Design 


@ Design Criteria Specialist 
@ “Hot” Structures Design Specialist 


ROCKETS High Energy 


@ Rocket Engine & Components Analysis 


Send your resumes today to learn about these assignments 
and the unusual opportunities they offer you for rapid ad- 
vancement and professional growth. Liberal salaries and 
fringe benefits. And you'll find good living for you and your 
family with unexcelled cultural and recreational advantages 
on the beautiful Niagara Frontier. 


Write: Supv., Engineering Employment, Dept. A-57 
BELL AIRCRAFT CORPORATION 
Buffalo 5, New York 


Bell Aircraft Corporation is a member of the indus- 
try team developing the Dyna-Soar hypersonic 
glider for the U. S. Air Force. Other team members 
are the Martin Company, Bendix Aviation Corp- 
oration, Minneapolis-Honeywell Regulator Com- 
pany, Goodyear Aircraft Company and American 
Machine and Foundry Company. 
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To the talented 


engineer and scientist 


APL OFFERS 
GREATER FREEDOM 
OF ACTIVITY 


APL has responsibility for the technical direction 
of much of the guided missile program of the 
Navy Bureau of Ordnance. As a result staff mem- 
bers participate in assignments of challenging 
scope that range from basic research to prototype 
testing of weapons and weapons systems. 

A high degree of freedom of action enables 
APL staff members to give free rein to their 
talents and ideas. Thus, professional advance- 
ment and opportunities to accept program re- 
sponsibility come rapidly. Promotion is rapid, 
too, because of our policy of placing professional 
technical men at all levels of supervision. 

APL’s past accomplishments include: the first 
ramjet engine, the Aerobee high altitude rocket, 
the supersonic Terrier, Tartar, and Talos missiles. 
Presently the Laboratory is engaged in solving 
complex and advanced problems leading to future 
weapons and weapons systems vital to the na- 
tional security. Interested engineers and physi- 
cists are invited to address inquiries to: 


Professional Staff Appointments 


The Johns Hopkins University 
Applied P hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Maryland 


ings published through December, 1957, which 
deal with some aspect of operations research. 
The list includes all articles published in the Jou;- 
nal of the Operations Research Society of America, 
the Operations Research Quarterly, Management 
Science, and the Naval Research Logistics Quar- 
terly. The ordering of entries in the text is, in 
general, alphabetical by author. For ease in 
cross-referencing, each entry has been assigned a 
numerical designation. While there are no anno- 
tations as such, each entry is also accompanied by 
a ten-digit classification number (IBM entries, 
explained in the foreword) in which is encoded the 
following information: general classification of 
the article, type of organization involved, func- 
tion or type of activity involved, techniques used 
or described, aspects or research discussed, and 
aspects of practice discussed. One section of the 
book contains about 40 special bibliographies 
where articles with the same subject are listed by 
numerical description. 


PHYSICS 


Solid State Physics; Advances in Research and 
Applications, Vol. 6. Edited by Frederick Seitz 
and David Turnbull. New York, Academic 
Press, Inc., 1958. 429 pp., diagrs., tables. $12. 

The introduction to this volume contains a 
listing of the contents of the previous five volumes 
and a bibliography (46 items) of articles planned 
for future volumes. 

Contents: Compression of Solids by Strong 
Shock Waves, M. H. Rice, R. G. McQueen, and 
J. M. Walsh. Changes of State of Simple Solid 
and Liquid Metals, G. Borelius. Electrolumines- 
cence, W. W. Piper and F. E. Williams. Macro- 
scopic Symmetry and Properties of Crystals, 
Charles S. Smith. Secondary Electron Emission, 
A. J. Dekker. Optical Properties of Metals, M. 
Parker Givens. Theory of the Optical Properties 
of Imperfections in Nonmetals, D. L. Dexter. 


PRODUCTION 


Titanium Welding Techniques. (Titanium 
Engineering Bulletin No. 6.) New York, Tita- 
nium Metals Corp. of America, 1958. 31 pp., 
illus., diagrs., tables. 

This bulletin presents a comprehensive evalua- 
tion of successful welding methods used in the 
titanium industry and covers the following topics: 
fusion-welding equipment and procedures, resist- 
ance-welding equipment and procedures, a study 
of typical weldments, methods for evaluating 
weld quality, welded joint designs, guaranteed 
mechanical properties of weldable grades of ti- 
tanium, and recommended settings for open-air 
machine welding. 

Standard Aircraft Handbook. Stuart Leavell 
and Stanley Bungay. 2nd Ed. Los Angeles, 
Aero Publishers, Inc., 1958. 160 pp., illus., 
diagrs., tables. $2.75. 

Twenty-eight major aircraft factories and ma- 
terial suppliers have assisted in the preparation of 
this pocket-size reference and training manual for 
aircraft workers and mechanics in factories and 
maintenance companies. The subjects dealt 
with are riveting, bolts and fasteners, tools and 
their proper use, assembly and installation meth- 
ods, materials and fabrication, blueprint reading, 
lofting and templates, and the most common AN 
standard parts. 


SPACE MEDICINE 


Physical and Physiological Data for Bioastro- 
nautics. Ellis R. Taylor. Randolph AFB, 
Texas, USAF School of Aviation Medicine, 
March 18, 1958. 149 pp., illus., diagrs., tables. 
Loose-leaf. 

The purpose of this handbook is to gather to- 
gether, under one cover, useful data pertinent to 
the development of space flight: the physical en- 
vironments of various portions of space and the 
needs and limitations of the human organism un- 
der space flight conditions. The data presented 
here have been taken from recent books, Air 
Force manuals, and technical reports, industrial 
literature, and scientific journals; they include 
physical and astrophysical data concerning the 
earth, its atmosphere, useful physical properties of 
matter and energy, and physiological data. 

The editor, Capt. Ellis R. Taylor, USAF (MC), 
is Resident, Aviation Medicine, USAF School of 
Aviation Medicine. 


Bibliography of Space Medicine. U.S. Dept. 
of Health, Education, and Welfare; Public 
Health Service; and the National Library of 
Medicine, Reference Division. (Public Health 
Service Publication No. 617; Public Health Serv- 
ice Bibliography Series No. 21.) Washington. 
1958. 49 pp. 

The 381 references for this bibliography have 
been selected from indexes and catalogs of the 
National Library of Medicine and from the princi- 
pal aviation, aviation medicine, and astronautical 
publications. They are arranged in broad sub- 
ject classes, in inverse chronological order alpha- 
betically by author within the years, with brief 
annotations occasionally included. There is an 
index of authors. 


SPACE TRAVEL 


Vistas in Astronautics; First Annual Air Force 
Office of Scientific Research Astronautics Sym- 
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Hush Houses by Koppers reduce a jet’s roar to a whisper 


A librarian wouldn’t lift an eyebrow if you ran up a 
jet engine outside her reading room . . . provided it 
was enclosed in a Hush House designed and built by 
Koppers. For, amazingly enough, these Hush Houses 
quiet a deafening roar to a whisper—eliminating this 
nuisance and hazard from testing jet planes. 

During 23 years of experience, Koppers has led 
the field, handling over 75% of all the aviation sound 
control work in the United States and Canada. While 


*Koppers trademark 


KOPPERS 
4 


each instaliation is an individual solution to a special 
problem, Koppers acoustical engineers and de- 
signers have the skill backed with long experience 
to solve aviation noise problems. 

Write today for informative booklet, The Sound 
of Power, based on Koppers’ new documentary film on 
controlling aviation noise. KOPPERS COMPANY, INC., 
Sound Control Department, 5911 Scott Street, Balti- 
more 3, Maryland. 


SOUND CONTROL 


Engineered Products Sold with Service 
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IN 


AIRCRAFT 


AT CORNELL AERONAUTICAL LABORATORY 


The flight research hangar at C.A.L. houses a most unusual airplane. Out- 
wardly it appears to be a standard T-33 jet. Closer examination reveals 
a mass of electronic gear packed solidly into an enlarged nose section 
and controlled by a unique console mounted at the side of the aft cockpit. 

This airplane is the latest in a family of variable stability aircraft 
developed by C.A.L. Its handling characteristics can be changed — in 
flight — to simulate those of an infinite number of different aircraft. It 
can be dial-set to handle like a lumbering cargo carrier, or with the sharp 
snap of a century series fighter. It can even be set to simulate the flight 


BE SKY BEFORE OFF 
DRAWING BOARD 


VARIABLE STABILITY 


characteristics of a space ship entering a planetary atmosphere. The T-33, 
by providing experimental evaluation of vehicles not yet built, yields 
significant savings in lives, time and money. 

This work in variable stability is typical of the many applied research 
projects active at C.A.L. — stimulating, technically challenging, and pro- 
fessionally significant. Our research program is unusually broad in scope, 
encompassing aerodynamics, flight research, advanced missile and aircraft 
design, and many other areas of modern flight. This broad program, cou- 
pled with our policy of assigning each staff member in accordance with 
his individual abilities and interests, makes it possible for us to offer 
outstanding employment opportunities to capable and imaginative men. 


CORNELL AERONAUTICAL LABORATORY, INC. of Cornel/ University 


| 
1 


J. A. Ruch 


WRITE FOR FREE REPORT 
The story behind Cornell Aero- 
nautical Laboratory and its con- 
tributions to aeronautical progress 
is vividly told in a G8-page report, 
Decade of Research."” Whether 


place to work 


you aré interested in C.A.L. as a 
or to watch, you 
will find ‘A Decade of Research” 
both useful and pertinent. Mail the 
coupon now for your free copy. 


CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 


Please send me ‘‘A Decade of Research.’’ 


vs 
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Name 
Street 
4% 
City Zone State 


include employment information 
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posium (Co-Sponsored With Convair Division, 
General Dynamics Corporation). Edited by 
Morton Alperin, Marvin Stern, and Harold Woos- 
ter. (International Series of Monographs on 
Aeronautical Sciences and Space Flight; Division 
VII, Astronautics Division, Vol. 1.) New York, 
Pergamon Press, Symposium Publications Divi- 
sion, 1958. 330 pp., illus., diagrs., tables. $15, 

The Astronautics Symposium, convened at 
San Diego, Calif., February, 1957, had two ob- 
jectives: to survey the scientific and technologi- 
cal progress of astronautics and to indicate the 
lines of research needed to be emphasized to 
facilitate future space exploration. The 42 
papers in this volume were presented by partici- 
pants from industry, the Armed Services, inde- 
pendent research organizations, and leading uni- 
versities and have not previously appeared in 
published form. 

Contents: Part I. Re-entry: The Re-entry 
Problem, W. H. Dorrance. Deceleration and 
Heating of a Body Entering a Planetary Atmos- 
phere from Space, C. Gazely, Jr. Re-entry and 
Recovery of a High-drag Satellite Initially in 
Circular Orbit about the Earth, A. J. Eggers, Jr. 
Planetary Atmospheres, G. Solomon. The Use 
of Lift for Re-entry from Satellite Trajectories, A. 
Ferri, L. Feldman, and W. Daskin. Real Gas 
Effects in the Re-entry Problem, F. R. Riddell. 
Transition and Turbulent Heating, Including 
Possible Real Gas Effects, E. R. van Driest. 

Part II. Tracking and Communications: 
Satellite Tracking Techniques, M. Fishman. 
Tracking and Communication for a Moon Rocket, 
R. T. Gabler and H.R.O’Mara. Survey of Com- 
munications Problems Associated with Space 
Travel, J. A. Marsh. Microlock: A Minimum 
Weight Radio Instrumentation System for a 
Satellite, H. L. Richter, Jr., W. F. Sampson, and 
R. Stevens. 

Part III. Environment and Measurements: 
The Meteoritic Risk to Space Vehicles, F. L. 
Whipple. Possibilities for Gas Composition 
Measurement at Very High Altitudes, N. W. 
Spencer. Properties of the Atmosphere between 
90 and 300 Km, H. K. Kallmann. Effects of 
Abnormal Solar Activity, W. O. Roberts. Solar 
X-rays and the Ionosphere, H. Friedman. In- 
teraction of Extreme UV Radiation with Matter, 
H. E. Hinteregger. The Temperature Equilib- 
rium of a Space Vehicle, J. E. Naugle. Cosmic 
Rays in Space, H. V. Neher. The Measurement 
of Cosmic Radiation, Magnetic Field and Ion 
Density in Interplanetary Space, R. J. Havens. 
The Concept of an Inhabited High Vacuum Lab- 
oratory, R. A. Roche. 

Part IV. Propulsion: Summary, W. Bollay. 
The Optimum Velocity of Propellant Ejection, R. 
Cornog. The Plasma Jet and its Application, G. 
M. Giannini. Discussion of Propulsion Systems 
Present and Future, Y.C. Lee. Remarks at the 
Propulsion Panel of the Astronautics Symposium, 
O. E. Rodgers. Propulsion Systems for Space 
Ships, E. Stuhlinger. A Preliminary Comparison 
of Potential Propulsion Systems for Space Flight, 
G. P. Sutton. Rocket Engines for Outer Space, 
R. A. Truax. Survey of Performance Potentiali- 
ties on Non-Airbreathing Propulsion Systems, H. 
von Ohain, B.C. Keith, and R. E. Hunter. 

PartV. Orbits: A Precise Attitude Control for 
Artificial Satellites, H. Oberth. Orbit Studies 
Using High Speed Digital Computers, W. A. 
Elfers. Orbit Accuracy and Ranges from 
Ground-Based Optical Tracking, F. L. Whipple. 
The Effect of the Earth’s Oblateness and Atmos- 
phere on a Satellite Orbit, J. de Nike. Accuracy 
Requirements for Trajectories in the Earth-Moon 
System, H. A. Lieske. 

Part VI. Human Factors: Introduction, H. 
Strughold. Human Logistics from the Viewpoint 
of Space Travel, P. Campbell. The Problems of 
Maintaining Man at Extreme Altitudes, S. White. 
Appraisal of Cosmic-Ray Hazards in Extra- 
Atmospheric Flight, H. J. Schaefer. Areas of 
Current Space Medical Research, D. G. Simons 
Fatigue, Confinement and Proficiency Decre 
ment, G. T. Hauty and R. B. Payne. Currem 
International Situation and the Legal Involve- 
ments with Respect to Long Range Missiles and 
Earth Circling Objects, A. G. Haley. Index. 


Change of Address 


Since the Post Office Department 
does not as a rule forward magazines 
to forwarding addresses, it is impor- 
tant that the Institute be notified of 
changes in address 30 days in advance 
of publishing date to ensure receipt 
of every issue of the Journal and 
Aero/Space Engineering. 


Notices should be sent directly to 
the Institute of the Aeronautical 
Sciences, 2 East 64th Street, New 
York 21, N.Y. 
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This section is for the use of individual members of the Institute 
seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Electronic Engineers and Physicists— Positions 
are open on the research and development staff 
for senior and junior electronic engineers and 
physicists. Unusually interesting and challeng- 
ing R&D projects in advanced data processing 
systems and electronic circuitry. Excellent work- 
ing conditions. Salaries at high industrial levels, 
commensurate with experience and ability. U-S. 
citizenship required. Applications are kept in 
strict confidence. Send résumé and salary re- 
quirement to Code 13, Paul Rosenberg Asso- 
ciates, 100 Stevens Ave., Mount Vernon, N.Y. 

Engineers—Engineers, Scientists, and Mathe- 
maticians. Diversified positions available in- 
volving research in magneto-hydrodynamics, 
high-temperature gas dynamics, and thermoaero 
engineering for advanced propulsion and space 
systems; design and development involving me- 
chanical, aerothermo design and analysis, control 
systems, performance analysis, test, development, 
and project engineering; applied mathematics 
and programing in a computer (IBM 704) and 
mathematics group. Send résumé to Felix 
Gardner, Fairchild Engine Division, Fairchild 
Engine and Airplane Corp., Deer Park, L.I., N.Y. 

Hydrodynamicists—Experience in aircraft or 
marine hydrodynamics is desirable. However, 
aeronautical engineers with aerodynamics expe- 
rience will be considered. Minimum of 2 years 
required. Projects now include research and de- 
velopment in seaplanes and several phases of 
Polaris program. Preliminary Design Engi- 
neers—5 to 10 years’ experience in design and ana- 
lysis. Technical writing ability is essential. These 
positions offer excellent growth opportunities 
with expanding prime contractor located in New 
York City. Contact: Chief Mechanical En- 
om, Bao Corp., 13-10 111th St., College Point, 

Engineers—Openings for highly competent 
engineers with 5 to 15 years of broad experience in 
aeronautical engineering and applied mechanics 
for work in the fields of super- and hypersonic 
aerothermodynamics and space flight technology. 

Primary consideration will be given to individuals 
capable of handling diverse problems in these 
fields. Send résumé to Thomas Distabile, Gruen 

Applied Science Laboratories, Inc., 60 Hemp- 
stead Ave., Hempstead, L.I., N.Y. 


Mechanical Metallurgist—Will be required to 
perform theoretical and experimental stress anal- 
yses on high-speed rotating parts, complex pres- 
sure vessels, and hydromechanical servomecha- 
nisms for jet aircraft accessory equipment. Will 
provide an opportunity to become familiar with 
programing procedures for IBM 704 and 705 elec- 
tronic data processing machines. Experimental 
work will involve use of such tools as stresscoat, 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 
to which inquiries should be addressed. 


bonded wire strain gages, and photoelastic equip- 
ment. B.S. degree in Mechanical Engineering 
required, and graduate work or experience in 
theoretical and applied mechanics desirable. 
Please send reply to Engineering Employment 
Supervisor, Hamilton Standard Division, United 
Aircraft Corp., Bradley Field Rd., Windsor 
Locks, Conn. 


Available 


886. Washington Representative—Excep- 
tionally wide span of high-level technical-man- 
agement experience in Government and in aero- 
nautical industry R&D, long-range planning, and 
customer relation activities. Graduate aeronau- 
tical/mechanical engineer with mature judgment, 
plenty of initiative and drive, and unbounded 
ambition. Total of over 20 years of professional 
background in aircraft-missile-space vehicle sys- 
tems; with particularly outstanding capability 
and knowledge of propulsion systems require- 
ments, design, development, engineering, opera- 
tional usage, and related problems. Conversant 
and current on space problems and R&D, and 
complex of Government agencies and specific per- 
sonnel concerned with various phases of National 
Space Program. Seeks major assignment and 
senior responsibility as Washington Representa- 
tive of company needing new approach and/or 
better coverage and contacts with Government 
R&D and long-range planning groups. Corre- 
spondence strictly confidential. Résumé or per- 
sonal interview on request. 

885. Technical Librarian—Experienced in 
inaugurating and managing company technical 
libraries, preparation and publication of technical 
bibliographies, etc., in Great Britain. Desires 
similar position in U.S.A. College graduate; fe- 
male; age 30; other language, French. Avail- 
able in January. 


884. Physicist—B.S. (Physics) and M.A. 
(Math.); age 35. Employed as aeronautical re- 
search engineer (flight systems) GS-14, Step 6; 
Career appointment at $12,555. Nature of 
employment: operations research/astronautics. 
Two years in grade at present classification; also 
1/, year in grade as Supervisory Physicist GS-14. 
Other: 2 years as Physicist (General), 3 years as 
Physicist (Optics), 11/2 years as research optical 
and illuminating engineer, and 2 years’ military 
service (Radioman). Desires a career appoint- 
ment to a GS-15 position or appropriate employ- 
ment in private industry. Will consider reloca- 
tion. Will forward résumé on request. 


883. Sales Engineering—Sales and engineer- 
ing liaison in the West Coast area. Extensive 
experience in the aviation industry involving 
management, production, engineering, and sales, 
as well as military contractural background. 
Good acquaintance in the industry. Résumé on 
request. 


882. Aeronautical Engineer—Age 26. B.S. 
in A.E. Extensive experience in administrative 
work, with a good college background in all phases 
of aeronautical engineering. Interested in tech- 
nical representative, liaison or production engi- 
neering, or similar position. Free to travel and 
willing to relocate. Complete résumé on re- 
quest. 


881. Engineer—Administrator—M.5S. in Ae.E. 
(M.I.T.). Technical management experience 
includes 3 years as Chief, Research & Develop- 
ment Branch, Division of Military Application, 
Atomic Energy Commission; 2 years as staff 
supervisor of research and development for pro- 
pulsion of guided missiles; 2 years as com- 
mander of aviation technical school; 1!/2 years 
as head of aircraft overhaul and repair depart- 
ment; 1!/2 years as commander of aircraft groups. 
Now a Colonel with over 20 years’ experience in 
military aviation. Desires change to technical 
administrative work in industry or field of educa- 
tion. Available January 1. Current pilot quali- 
fications include jet fighters and multiengine 
transports. Age46. Detailed résumé forwarded 
upon request. 


880. Special Assignments Engineer—Seeks 
challenging position assisting a busy VIP. Can 
assume responsibility and get things done. Ex- 
cellent on reports, keen analytical mind, and ap- 
preciates the value of the business dollar. B.S. in 
Mech. and Aero., M.S. in Aero. Work history 
begins June, 1948, as test engineer—1l year; 
commercial sales representative—1 year, 8 
months; research engineer—4 months; product 
application engineer—3 years, 4 months; senior 
field engineer—3 years; manager and partner in 
own manufacturing business (ten men) for 6 
months. Age 33. 
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PROJECT MANAGER: 
RESEARCH AND DEVELOPMENT 
(AIRCRAFT FLUID SYSTEM COMPONENTS) 


Long-established, multi- 

aircraft pave anneal design engineer with prime airplane or missile 
experience who desires opportunity to design new products. Must be 
graduate engineer with creative and analytical experience and ability. 

Will work closely with sales engineering, translating advanced customer 
requirements into specific development programs, and supervise develop- 
ment projects, including hydraulic and pneumatic servo-actuators, hy- 
draulic power packages, cartridge-actuated devices, and related fluid 
flow and pressure controls. 

Private office, departmental model shop and laboratory facilities provide 
— for creativity and accomplishment. All inquires acknowl- 
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2 East 64th St., New York, N. Y. 


WANTED 


lant company in Cleveland, Ohio, seeks top 


Write Box Number 889. 
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Aeronautical Reviews (Continued from page 114) 


Fatigue 
Further Investigation of Fatigue-Crack Prop- 
agation in Aluminum-Alloy Box Beams. H. F. 
Hardrath and H. A. Leybold. U.S., NACA TN 
246, June, 1958. 23 pp. Investigation of fa- 
tigue-crack propagation and accompanying stress 
distribution by subjecting several designs of built- 
up box beams to fatigue tests at one load level 
The rate of crack propagation in specimens made 
of 7075 material is shown to be more rapid than 
that - equivalent specimens made of 2024 ma- 
teria 


Plates 


O Teorii Izgiba Plastinok Raissnera. A. L. 
Gol’denveizer. AN SSSR Otd. Tekh. Nauk I2v., 
Apr., 1958, pp. 102-109. In Russian. Evalua- 
tion of the theory on bending of elastic plates. 


Sandwich Construction 
High Temperature Sandwich Structure. AJA 


ATC Rep. ARTC-17, June 15, 1958. 112 pp. 
10 refs. 


Testing Methods 

Some Develepments and Applications of Brittle 
Lacquers; A Survey of Published Work and Some 
Original Contributions. III. Appendix I—Specifi- 
cation of Lacquers Incorporating a Ketone 
Resin. Appendix II—The Influence of Variables 
on the Behaviour of a Sprayed Brittle Lacquer 
Coating. J. R. Linge. Asrcraft Eng., June, 1958, 
pp. 173-179. 


Thermal Stress 


Thermal Stresses in Design. IV—Causes of 
Fatigue in Ductile Materials. S. S. Manson 
Mach. Des., Aug. 21, 1958, pp. 110-113. 


On a Complementary Energy Principle in 
Linear Thermoelasticity. G. errmann. J. 
Aero/Space Sci., Oct., 1958, p. 660. AFOSR- 
supported establishment of the complementary 
energy principle associated with Biot’s formula- 
tion. The equations of linear thermoelasticity 
are given. 


Thermal! Displacement in a Non-Homogeneous 
Elastic Semi-Infinite Space Caused by Sudden 
Heating of the Boundary. Jésef IRgnaczak. 
Arch. Mech. Stosowanej, No. 2, 1958, pp. 147—154 
Derivation of a nonsteady field of thermal! dis- 
placement in a nonhomogeneous semispace. This 
generalization may be used for the description of 
the phenomenon of wave motion caused by sudden 
heating of the edge of a multilayer elastic semi- 
space. 


A Comparison of Two Methods for Calculating 
Transient Temperatures of Thick Walls. J. J. 


Buglia and Helen Brinkworth. U.S... NACA TN 
4343, Aug., 1958. 19 pp. 


Wings 

Further Remarks on the Torsional Rigidity of 
Thermally Stressed Wings. Bisplinghoff. 
J. Aero/Space Sci., Oct., 1958, pp. 657, 658. 
Comparison of theory and ‘experiment for finitely 
twisted flat plates subjected to a chordwise tem- 
perature distribution. 


Thermodynamics 


O Novoi Edinitse Teplovoi Energii. V.P. Ro- 
madin. Teploenergetika, June, 1958, pp. 30-33. 
In Russian. Evaluation of the application of a 
new thermal unit in thermal engineering. 


Nomogrammy dlia Rascheta Temperaturnogo 
Polia Tverdykh Tel, Okhlazhdaemykh (Nagre- 
vaemykh) v Srede s Postoiannoi Temperaturoi. 

. A. Labuntsov. Teploenergetika, June, 1958, 
pp. 87-89. In Russian. Presentation of nomo- 
grams for the calculation of temperature fields in 
solid bodies cooled (or heated) in a medium of 
constant temperature. 


Polynomial Expressions for the Specific Heat 
and Prandtl Numberof Air. D.W. Boekemeier. 
J. Aero/Space Sci., Oct., 1958, pp. 658, 659. 


Opredelenie Elementarnykh Funktsii Uravne- 
niia Sostoianiia Real’nogo Gaza po Opytnym Ter- 
micheskim Dannym. Ia. Z. Kazavchinskii. 
Teploenergetika, June, 1958, pp. 44-48. In Rus- 
sian. Derivation of basic functions for the equa- 
tion of state of a gas based on thermal data. 


Combustion 


Studies of OH, CO, CH, and C, Radiation from 
Laminar and Turbulent Propane-Air and Ethyl- 
ene-Air Flames. T. P. Clark. U.S., NACA 
TN 4266, June, 1958. 23 pp. 14 refs. Isola- 
tion of OH, CO, CH, and C2 radiations from pro- 
pane-air and ethylene-air flames, and determina- 
tion of the variation of emitter intensity with 
equivalence ratio. Radiation ratios in different 
regions of laminar and turbulent ethylene-air 
flames are measured. 


Excitation of Spectra of OH in Hydrogen 
Flames and its Relation to Excess Concentrations 
of Free Atoms. Monique Charton and A. G. 
Gaydon. Royal Soc. (London) Proc., Ser. A, May 
6, 1958, pp. 84-92. 11 refs. 


Heat Transfer 


A Review of Heat Transfer Literature 1957. 
E. R. G. Eckert, J. P. Hartnett, and T. F. Irvine, 
Jr. Mech. Eng., June, 1958, pp. 64-75. 267 refs. 


A Numerical Method of Solving a Heat Flow 
Problem with Moving Boundary. L. W. Ehrlich. 


Assoc. Comp. Mach. J., Apr., 
10 refs. 
for the location of the moving boundary in the 
form of infinite series. 


Uravneniia dlia Rascheta Poverkhnostnogo 


1958, pp. 161-176, 
Presentation of an analytical expression 


Natiazheniia Zhidkostei. L. D. V 
energetika, June, 1958, pp. 33-37. 10 refs. In 
Russian. | Derivation of solutions for the calcula- 
tion of surface tension of liquids applicable to a 
wide range of temperatures. 

O Edinstvennosti Reshenii Uravneniia Slabo 
Statsionarnoi Teplovoi Konvektsii. M. M. Far- 
Prikl. Mat. i Mekh., Mar.-Apr., 1958, 

286-288. In Russian. Analysis of the singu- 
larity of solutions for the equations of weak, sta- 
tionary heat-transfer problems. 


Heat Transmission Through Fins and Finned 
Cylinders. K. Léhner and G. Choné. (MTZ, 
Stuttgart, Dec., 1957, pp. 373-377.) Engr. Dig., 
Mar., 1958, pp. 111-114. 


oliak. Teplo- 


VTOL & STOL 


Foretaste of the Caravan; HDM.105 Handling 
and HDM. = Prospects. Flight, June 6, 1958, 
pp. 776, Discussion of an STOL aircraft 
which uses rt "high. aspect ratio wing (20.5:1). 

Betrachtungen zur ‘‘Coleopter’’-Technik. H, 
v. Zborowski. Luftfahrittechntk, June 15, 1958, pp. 
162-168. In German. Discussion of the design 
and operation of coleopters, and survey of recent 
French development. 

Rotodyne Progress Report. D. M. Davies. 
The Aeroplane, June 6, 1958, pp. 775-777. (Also 
in Flight, June 6, 1958, pp. 761, 762.) Discussion 
of the flight-test program for the Fairey VTOL 
transport, 

Rotodyne Flight Trials—The Pilot’s Viewpoint. 
ae Gellatly. The Aeroplane, June 6, 1958, p, 


The French Approach to STOL. The Aero- 
plane, June 6, 1958, pp. 793-796, cutaway draw- 
ing. Design and structural characteristics of the 
Breguet Br. 940. 


Water-Based Aircraft 


Effect of Nose Shape and Spray Control Strips 
on Emergence and Planing Spray of myles 


Models. J. R. McGehee. U.S., NACA TN 
4294, July, 1958. 28 pp. 
II—Neli ia Zadacha Teorii Podvodnogo 


Kryla. A. M. Ter-Krikorov. AN SSSR Dokl., 
Apr. 21, 1958, pp. 1,115-1,117. In Russian. 
Study of the steady motion of a wing submerged in 
an ideal incompressible heavy fluid of finite depth. 


O Needinstvennosti Resheniia Zadachi o Pod- 
vodnom Kryle. N.N. Moiseev and A. M. Ter- 
Krikorov. AN SSSR Dokl., Apr. 11, 1958, pp. 
899-902. In Russian. Evaluation of the non- 
uniqueness of the solution to the plane problem in 
the theory of submerged wings in dimensionless 
variables which is reduced to the determination of 
an analytical function satisfying the flow condi- 
tions, the asymptotic conditions, and the condi- 
tion of pressure continuity. 


No. FF-19 


No. FF-18 


Breslin 


No. FF-17 


No. FF-16 


Member Price $0.75 


Member Price $0.75 


IAS PUBLICATIONS AVAILABLE 


Combustion—An Aeronautical Science by H. W. Emmons, The 1958 Minta Martin 
Aeronautical Lecture 


Member Price $0.75 


On the Main Spray Generated by Planing Surfaces by Daniel Savitsky and John P. 


Atomic Reactors (a symposium) 
Member Price $1.25 


Inertial Guidance by W. Wrigley, R. 8. Woodbury, and J. Hovorka (This is a revised version 
of IAS Preprint No. 698, presented at the IAS 25th Annual Meeting, now out of print.) 
Nonmember Price $1.25 


Nonmember Price $1.25 


Nonmember Price $1.25 


Nonmember Price $1.75 
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